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J. R. SIMPLOT COMPANY  PQO. BOX 912  POCATELLO, IDAHO 83204
(208) 232-6620 (PLANT)  (208) 238-2700 (GROUP OFFICES)

MINERALS & CHEMICAL GROUP Received

FEB 11991 i

J 31, 1991
anuary SUPERFUND BRANCH

CERTIFIED MAIL

Bill Adams

U.S. Environmental Protection Agency
M/S HW-113, 11th Floor .

1200 Sixth Avenue

Seattle, WA 98101

Re: J.R. Simplot Company
Response to Request for Informatlon
Eastern Michaud. Superfund Site

Dear Mr. Adams: ;

The J.R. Simplot Company, hereinafter referred to as
"Simplot", hereby responds to a letter received on November 7, 1990 |
from the United States Environmental Protection Agency. The letter
was directed to John Cochrane of the J.R. Simplot Company, ‘
requestlng information on the Eastern Michaud Superfund Site |
. located in Pocatello, Idaho. The EPA and Simplot agreed that |
.Simplot's response to this Request for Informatlon was due on or
before January 30, 1991.

RESPONSES TO REQUEST FOR INFORMATION

Request No. 1:

A description of the spe01f1c size, location and status of the
gypsum decant pond and the east overflow pond including dates of
installation and lining. (

Response:

Cdeapimm \$||\|\ng|n2mm|gmjw\|u\\|’

Volume = 2,000,000 gallons | o
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2. - Location:
- Exhibit #1,, which is attached hereto and
incorporated herein by reference, depicts the
Gypsum Decant Pond.

3. Date Operational: 1972.
4. Liner:
a. Material: "Griffolyn" Type 65 black
reinforced plastic. ‘
b. Date Installed: 1972.

5. Status: Active.

B. East Overflow Pond:

1. Size:
Length at top = 272 feet
Width at top = 132 feet
Depth = 8 feet
Volume = 2,150,000 gallons

2. Location:
See Exhibit #1 which depicts the East Overflow
Pond. - -

3. Date Pond was Operational: Unknown.
4. Date. Pond was Lined: ©Unlined.

5. Status: Active.

Request No. 2:

The effects of leaching from the two waste gypsum piles and
the phosphate ore pile and results of any environmental
investigations performed.

uRespgnse:

A. PEI Associates prepared a study for the EPA titled,

EVALUATION OF WASTE MANAGEMENT FOR PHOSPHATE PROCESSING,
which included Simplot gypsum system in the presurvey

‘'sampling. PEI Associates placed six monitoring wells

around the gypsum stacks and collected samples. Ford

Chemical Laboratory, Inc. analyzed split samples

collected by PEI Associates.  Ford Chemical Laboratory,
Inc. results were included as Appendix F of the PEI

‘Associates report.
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Simplot has continued to sample four of the PEI
constructed wells. These samples have been analyzed by -
Ford Chemical. -(See response to Request No. 8). Two of
the six well casings constructed by PEI have been damaged
by underground movement and do not allow sample equipment
to be lowered into the casings.

Exhibit #2, which is attached hereto and incorporated
herein by reference, is a copy of a study conducted by
Dames & Moore for Simplot, titled PERMEABILITY OF SOILS
AND MINERALOGICAL INVESTIGATION OF "SIMCRETE" FOR J.R."
SIMPLOT COMPANY, POCATELLO, IDAHO. '

Exhibit #3, which is attached hereto and incorporated
herein by reference, is a copy of a report titled HUNDRED
FOLD REDUCTION IN PERMEABILITY UNDER A GYPSUM STACK, and
was presented at the 1980 Environmental Symposium
sponsored by The Fertilizer Institute.

Simplot has attached portions of reports prepared by
Dames & Moore which -contain information about
permeability of gypsum and soil. The titles of the
reports are:

Exhibit #4, which is attached hereto and incorporated
herein by reference, is a copy of a REPORT OF SOIL
STUDIES, GYPSUM TAILINGS POND, POCATELLO, IDAHO, FOR THE

J.R. SIMPLOT COMPANY, July, 1962. -

Exhibit #5, [Confidential Business Information], which is
attached hereto and incorporated herein by reference, is
a copy of a report titled RECOMMENDATIONS FOR PRESENT
POND CONTROL PROGRAM, TAILINGS POND DEVELOPMENT, SIMPLOT
PLANT, POCATELLO, IDAHO, FOR THE J.R. SIMPLOT COMPANY,
May, 1963. :

Exhibit #6, [Confidential Business Information], which is
attached hereto and incorporated herein by reference, .is.
a copy of a REPORT OF PROJECT PLANNING, PROPOSED TAILINGS
POND (TP-K 2.1), POCATELLO, IDAHO, FOR THE J.R. SIMPLOT
COMPANY, January, 1966.

Exhibit #7, [Confidential Business Information], which is
attached hereto and incorporated herein by reference, is
a copy of a REPORT OF INVESTIGATION AND DESIGN, PROPOSED
EARTHFILL DIKES, TAILINGS POND (TP-K2.1) EXPANSION, NEAR
POCATELLO, IDAHO, FOR THE J.R. SIMPLOT COMPANY, Dec.
1974. ' .
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‘Exhibit #8, which is attached hereto and incorporated

herein by reference, is a copy of a REPORT OF LABORATORY
INVESTIGATION ON EXISTING GYPSUM TAILINGS IMPOUNDMENT
FACILITY, POCATELLO, IDAHO, FOR THE J.R. SIMPLOT COMPANY,
April, 1987.

Exhibit #9, which is attached hereto and incorporated
herein by reference, is a copy of a report titled
INVESTIGATION AND STABILITY ANALYSIS OF TAILINGS POND
NO.2, J.R. SIMPLOT COMPANY'S POCATELLO, IDAHO OPERATIONS,
FOR THE J.R. SIMPLOT COMPANY, Jan. 1988.

- Exhibit #10, which is attached hereto and incorporated

herein by reference, is a copy of a SUMMARY REPORT,
FOLLOW-UP INVESTIGATION AND LABORATORY TESTING, GYPSUM
TAILINGS POND NO.2, J.R. SIMPLOT COMPANY'S POCATELLO
OPERATIONS, FOR J.R. SIMPLOT COMPANY, March, 1988.

Simplot has no studies which have analyzed leaching from
the phosphate ore pile. However, Simplot has analyzed
water used to transport phosphate ore through a 26-mile
pipeline. The phosphate ore and water mixture slurry has
been analyzed for hazardous waste characteristics
according to procedure SW846; the dry phosphate ore has
been analyzed for hazardous waste characteristics
according to the TCLP procedure; the liquid portion of
the slurry has been analyzed for drinking water.
parameters. Exhibit #11, which is attached hereto and
incorporated herein by reference, contains the analyses
for one slurry sample, one dry ore sample and two liquid
portions of the slurry.

Exhibit #12, which is attached hereto and incorporated
herein by reference, are copies of information generated
by the U.S. Geological Survey on water which had been
slurried with western phosphate ore.

Exhibit #13, which is attached hereto and incorporated
herein by reference, is a copy of a report titled,
GEOLOGIC INVESTIGATION OF THE DON COMPLEX, SPRING 1976.

Request No. 3:

A complete history of on-site landfill operations including:

A.

B.

Exact location and operation dates of each landfill.

The type, volume, and contalners for each hazardous sub-
stance disposed in each landf111
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c.

Response:

A.

Design specifications of each landfill; this is, liners,
caps, leachate collection systems, and so forth.

Active Solid Waste Landfill:

1'

Location: See Exhibit #14, which is attached
hereto and incorporated herein by reference, which
is Simplot drawing 130-6480-105, Tailing Pond #2,
Topographic, Current Lift Details, New Proposed
Access Road/8% Grade, Revision "A", 12-09-82, Ralph
Petrie. ' '

Date Operational: Unknown.

Type, volume, and containers for each hazardous
substance: Simplot has no records to determine
whether any hazardous substances were ever disposed
of in the Active Solid Waste Landfill. Simplot
presently has a policy which prohibits the disposal
of hazardous substances in the active solid waste
landfill. .

Design Specifications: The solid waste landfill is
constructed partly on virgin earth and the No. 1
phosphogypsum tailings stack.

a. Liner: None.

b. Cap: Earth.

c. Leachate collection system: None.

Original Trash Landfill (Abandoned):

Location: See Exhibit #14, which depicts the
original Trash Landfill.

Date Operational: Unknown.

Type, volume, and containers for each hazardous
substance: Simplot has no records to determine
whether any hazardous substances were ever disposed
of in the Original Trash Landfill.
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4. Design Specifications: The landfill was
constructed on virgin earth.

a. Liner: None.
b. Cap: Earth.

c. Leachate collection system: None.

Request No. 4:

A complete history of spills of feedstocks, intermediate and
final products and hazardous materials on-site.

Response:

Simplot has no records which provide a complete history of-
spills of feedstocks, intermediate and final products and hazardous
materials on-site. Exhibit #15, which is attached hereto and
incorporated herein by reference, are copies of Simplot Spill
Release/Report Forms. Two spills not covered by the Simplot
Release/Report forms that we have knowledge of are as follows:

A) Collapse of Tank #26 on Oct. 26, 1974, which also broke
the valve off Tank #23, caused a spill of approximately
500 tons (as P205) of phosphoric acid. The majority of
the phosphoric acid spilled was recovered on site and the
NPDES discharge permit limit was not exceeded.

B) 80 ton spill of sulfuric acid from a railcar occurred on
Sept. 28, 1974. This spill was contained in the waste
treatment system and the NPDES discharge permit limit was
not exceeded.

Request No. 5:

Complete descriptions of hazardous substance handling and
disposal practices on-site including operations at the hazardous
waste’ storage area and a description of any hazardous substances
disposed in the waste gypsum piles.

Response:

A. Hazardous Waste Storage'Area. Simplot withdrew their
permit for a Treatment Storage and Disposal Facility.

B. Hazardous Substance Handling & Disposal. The description
of various plant processes are contained in the pamphlet
titled PRODUCT FLOW CHARTS & INFORMATION SHEETS, which is
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.7 -attached hereto and incorporated herein by reference as
Exhibit #16. Spills of acids are:

(1) Recovered at the originating plant.
(2) Recovered at another plant using the material.
(3) Recovered for sale as dilute liquid fertilizer.

(4) Neutralized and the solid waste disposed of at the
solid waste landfill.

c. Hazardous Substances to Gypsum Pile. Simplot has no
records to determine whether ‘any hazardous substances
were ever disposed of in the Gypsum Pile. Simplot
presently has a policy which prohibits the disposal of
hazardous substances in the gypsum pile.

Request No. 6:

A description of the handling and disposal practices for speht
oil and solvents on-site.

Response:

Spent o0il is accumulated in a tank and transported by Cowboy
0il to the Ashgrove Cement Plant where it is burned as supplemental"
fuel. Solvents are collected and returned to Safety-Kleen for
reprocessing.

Request No. 7:

A description and a copy of the agreement between FMC and
Simplot for the shared use of a dralnage ditch from the respectlve
plant properties to the Portneuf River including:

A. What the ditch was used for.

B. The length of time it was used by each company.

C.  The types and quantities of wastewater discharged via the
ditch.
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A. Exhibit #17, which is attached hereto and incorporated

: herein by reference, is copy of the original easement
agreement, recorded May 11, 1949, instrument number
67527.

Exhibit #18, which is attached hereto and incorporated
herein by reference, is copy of the easement recorded
August 1, 1973, instrument number 101967.

B. Exhibit #19, which is attached hereto and incorporated
herein by reference, is a letter dated November 7, 1956
which indicated the "reclaimed Westvaco (now FMC) waste
water" flow was estimated to be about 3000 g.p.m. The
ditch was used by Simplot for process water and any water
left over was used to irrigate 36 acres of farm land
adjacent to the plant. Plant expansions utilized water
previously used to irrigate farm land.

C. FMC discontinued use of the ditch on October 26, 1973.
Simplot discontinued discharge to the Portneuf river via
this ditch on April 1, 1974 by routing a small drainage
flow into the water treatment system. Portions of the
FMC ditch location on Simplot property are utilized for
storm runoff control. This stormwater is not discharged
to the Portneuf River. A portion of the FMC ditch serves
as an emergency overflow between the east overflow pond
and the holding pond, and does not discharge to the
Portneuf River.

D. Exhibit #20, which is attached hereto and incorporated
- herein by reference, is Simplot wastewater data.

Request No. 8:

A summary of analytical results for all soil and ground-water
samples taken on-site by Simplot and maps showing all sample
locations.

Response:

A. SoiI:Sample Locations and Results. The location and
results of soil samples are included with the reports
referenced in, Response 2E. :
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B. Groundwater Sample Locations. Exhibit #1 depicts the
' location of wells known as #4, #5, #6 & Frontier. Wells
known as #1, #2, & #3 were taken out of service many
years ago and were plugged with concrete. Exhibit #21,
which is attached hereto and incorporated herein by
reference, is a copy of Figure 6-4 from EVALUATION OF
WASTE MANAGEMENT FOR PHOSPHATE PROCESSING, by PEI
Associates for EPA, and depicts the location of wells
known as PEI-1, PEI-2, PEI-3, PEI-4, PEI-5, & PEI-6.

- C, Groundwater Analysis Summary. Simplot has utilized many
different laboratories for groundwater analysis. These
laboratories include but are not limited to Simplot labs,
Betz labs, State of Idaho labs, Ford Chemical and USGS.

The most extensive laboratory work has been done by the
Ford Chemical laboratory. Ford Chemical data has been
compared on split samples with the EPA contract 1lab
utilized in the study conducted by PEI Associates and
with the USGS 1lab. Ford Chemical data is the most
complete data set available. Exhibit #22, which is
attached hereto and incorporated herein by reference, is
a copy of Simplot's computer data base for the Ford
Chemical Laboratory data. The Simplot computer data base
does not contain all of the historical Ford Chemical
Laboratory data. :

Request No. 9:

A discussion of individual and corporate histories and
relation- ships between J. R. Simplot, the Simplot-Muir Company,
the Ruby Company, Simplot Industries, Inc., the J. R. Simplot
Company, the Inland Terminal Warehouse Company, and the Pocatello
Corporation including dates of activities, .incorporations and
acquisitions.

Response:

It is believed that the J. R. Simplot Company corporate
history commences February 28, 1946 with the incorporation of J. R.
Simplot Processing Company, an Idaho corporation. On March 7, 1946,
the name of the Company was changed to J. R. Simplot Company. Early
shareholder information with regard to this Company is unavailable.
On September 28, 1948, Simplot Investment Company, an Idaho
corporation, was formed and it is believed that J. R. Simplot held
34% of the outstanding stock of the Company. On February 24, 1953,
the Articles of Incorporation were amended to provide for two
classes of stock, Class A and Class B, and upon the cancellation of
the o0ld certificates, J. R. Simplot was issued 34% of the Class A

stock and 34% of the Class B stock. On March 1, 1952, J. R. Simplot
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Company, an Idaho corporation was merged into Simplot Investment
Company, and on March 7, 1952, Simplot Investment Company changed
its name to J. R. Slmplot Company. )

On June 28, 1955, J. R. Simplot Company, a Nevada corporation
was formed and on March 1, 1956, J. R. Simplot Company, an Idaho
corporation was merged into J. R. Simplot Company, a Nevada
corporation which remains the present J. R. Simplot Company.

The Simplot Muir Company was incorporated in the State of Utah
on March 2, 1946, changed its name to Ruby Company on April 18,
1950. J. R. Simplot was a 25% shareholder of Ruby Company from
March 6, 1946 to March 22, 1951, when his 25% interest was conveyed
to Simplot Investment Co., the predecessor of J. R. Simplot Company
which at the same time obtained another 25.1% interest in Ruby
Company from other parties.

Simplot Investment Co., and its successor J. R. Simplot
company remained a shareholder of 50.1% of the voting stock of Ruby
Co. until January 25, 1956 when a second class of stock was created
and its interest was reduced to 49.9% of the Class A voting stock.
J. R. Simplot company remained a shareholder of 49.9% of the voting
stock of Simplot Industries, Inc. from that date. In 1978, SI, Inc.
a Utah corporation was formed as a wholly owned subsidiary of J. R.
Simplot Company (Nevada) and on May 1, 1978, Simplot Industries,
lnc. was merged into SII, Inc. and its name changed to Simplot
Industries, Inc. Simplot Industries, Inc. was then subsequently
merged into J. R. Simplot Company (Nevada) on February 28, 1985.

Pocatello Chemical Corporation, a Delaware corporation was
formed on the 10th day of December, 1973. All of the issued and
outstanding stock of Pocatello Chemical Corporation was owned by
Bessemer Securities Corporation from March 9, 1964 until December
of 1969 at which time all of said stock was assigned to Simplot
Industries, Inc. Pocatello Chemical Corporation remained a wholly
owned subsidiary of Simplot Industries, Inc. until December 21,
1977 when it was merged into Simplot Industries, Inc. as the
survivor. :

J. R. Simplot was a minority shareholder of J. R. Simplot
Company from its incorporation until 1990. Mr. Simplot was
originally President of J. R. Simplot Company, and at all times has
remained a Director of that corporation. On October 1, 1973, J. R.
Simplot became Chairman of the Board of J. R. Simplot Company which
position he hold as of this date.

Inland Terminal Wwarehouse Company (Inland), an Idaho
corporation was incorporated January 24, 1947, and was solely owned
by Gay S. Otter. 1In 1985, the assets of Inland Terminal Warehouse
Company were sold to Simplot Leasing Corporation, a wholly owned
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second tiér’ subsidiary of J. R. Simplot Company, and Inland
Terminal Warehouse Company was subsequently 1liquidated. J. R.
Simplot was not an officer, director or shareholder of Inland.

The acquisitions at the site by the above corporations are as
follows:

All properties at the site which are under the control of J.
R. Simplot Company were acquired either directly by J. R. Simplot
Company or through Simplot Industries, Inc. (formerly Ruby Company)
which was eventually merged into J. R. Simplot Company as the
survivor with the exception of two relatively small parcels. A
property acquired by Inland Terminal Warehouse company located
adjacent to the plant site was used for parking motor vehicles, and
a small 10 acre site within the plant site was conveyed to
Pocatello Chemical Corporation on which a portion of a chemical
plant was constructed, financed and leased to J. R. Simplot Company
for operation'until the construction was completed and paid for. At
which time Simplot Industries, Inc. acquired all of the outstanding
stock of Pocatello Chemical Corporation and Pocatello Chemical
Corporation was eventually merged into Simplot Industries, Inc.

If you need to discuss any aspects of the Simplot response or
need further information from Simplot please feel free to contact
Terry T. Uhling, P.O. Box 912, Pocatello, Idaho, 83202, telephone
No. (208) 238-2801. Thank you for your cooperation and assistance
in this matter. '

Sincerely yours,

5

TERRY T. UHL
Assistant General Counsel

TTU/nj
Enc. i
C:\PROJ\EPA2. let

C: Ron Graves
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CERTIFICATE OF MAILING.

I HEREBY CERTIFY that a true, correct and complete copy of the
foregoing document was mailed on this 31st day of January, 1991,
postage prepaid, to the follow1ng°

Dean Nygard

IDAHO DEPT. OF HEALTH & WELFARE
Dept. of Environmental Quality
1410 N. Hilton

Boise, ID 83720

o

TERRpI' . UHWG
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PERMEABILITY OF SOILS AND MINERALOGICAL
INVESTIGATION OF "SIMCRETE" FOR
J. R. SIMPLOT COMPANY, POCATELLO, IDAHO

Dames & Moore Job No. 4048-024-06




PERMEABILITY OF SOILS
AND
MINERALOGICAL INVESTIGATION OF "SIMCRETE"

INTRODUCTION

Observations made during preparation of the Environmental Analysis
Record indicated that when gypsum slurry from the J. R. Simplot Company
phosphate fertilizer plant interacted with the native silt loess soil under-
lying the gypsum storaée_area, a chemical reaction occurred which greatly
reduced permeability of the soil. 1In addition, at the soil-gypsum interface,

' was formed. This

an indurated material, informally designated "Simcrete,'
report presents the results of investigations designed to provide further

insight into these reactions and their significance in relation to inhibiting

potential seepage from the gypsum storage area.

The investigaﬁions reported here are the results of the modified
scope of work outlined in our proposal of September 18, 1975, "Analysis and
Identification Study of 'Simcrete' Substance.'" The scope of work authorized
by Mr. Jack Smith, J. R. Simplot Company, during telephone conversations

with Dr. Peter Olsen of Dames & Moore during November, 1975, consisted of

conducting a series of five laboratory permeability tests utilizing native

silt loess soils and water from the gypsum tailings slurry as well as
optical examination of thin sections of the Simcrete substance to determine

the nature of the cementing material.



MINERALOGICAL INVESTIGATION OF SIMCRETE

Samples of the indurated material collected by personnel of the
J. R. Simplot Company in November, 1975, were submitted to Professor
William T. Parry, Department of Geology and Geophysics, University of Utah
for examination. Two types of samples were examined. One consisted of
older material taken from a stratum approximately one foot in thickness
located about 50 feet below the surface of the abandoned gypsum storage area.
The other sample was younger material taken at the gypsum-soil interface
neaf the leading edge of the active gypsum storage area; at this site the
gypsum covered the soil surface to a depth of only 2 to 5 feet and had been
in place for about 6 months. _ '
Optical examination of petrographic thin-sections made of the samples
revealed the presence of two distinct types of secondary material which
decrease porosity and permeability and increase cqhesive strength. The first,
noted in the oldef Simcrete, is isotropic and has a refractive index below
1.54. The second, observed in the younger material, is anisotropic, is
composed of radiating crystals with refréctive indices below 1.54 and has
_low birefringence, and parallel extinction under polarized light. Neither |
of these materials could be identified as to chemical species within the
scope of work authorized.
The complete report of Professor Parry's optical investigation,
inciuding photomicrographs, is included in the appepdix.
Samples of the older Simcrete as well as a sample of the native

silt loess soil had previously been supplied to Dr. Parry for comparative



X-ray diffraction and X-ray emission studies. These studies were not con-
clusive other than to note that while quartz, calcite and dolomite were
present in the native soil, calcite and doloﬁite were’absent in the Simcrete,
and that the latter contained an additional combbnent which could not be
identified. In addition, it was determined that the Simcrete contained more
sulphur, phosphorous and calcium and less aluminum than the silt loess soil.
Dr. Parry's complete letter report is contained in the appendix.

Air permeability tests were performed by Core Laboratories,
Dallas, Texas, on four cores of older Simcrete. Porosities of the various
samples were found.to be 16.0, 29.7, 36.0, and 36.3 percent. Respective
vertical permeabilities in millidarcys were 1.7, 2.7, 104 and 25, corres-

\

ponding to vertical permeabilities to water of 1.5, 2.4, 93 and 22 feet/year.
=50 ot ) €Ay
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PERMEABILITY

METHODS :

Soil samples were taken using thin wall samplers from the top six
inches of soil at five locations during November, 1975 by J. R. Simplot
Company personnel. Locations of the samples are shown on Plate 1. All
samplg sites were at locations which will eventually be covered by gypsum.

Permeability tests were performed in the Salt Lake City Dames &
Moore laboratory as described in Plate 2, "Method of Performing Percolation

tests,"

under a confining pressure of 100 pounds per square foot. All
s&ﬁples were disturbed during sampling and had to be recompacted. A two-

inch long core from each samplé was selected for the actual permeability

tests.
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Two of the soil samples ("A'" and '"B") were subjected to permeability
testing utilizing tap water for six days followed by 14 days of testing
utilizing water from the gypsum slurry.

Three of the soil samples ("C," "D" and fE") were tested for 15
days utilizing only water from the éypsum slurry.

Data on the results of permeability testing of another sample
("F") are also included. This testing was performed in August 1975 and pro-
vided the basis for the observation that the gypsum slurry water reacted
chemically with the native silt loess soil re#ulting in greatly reduced
permeability. Sample "F" was taken at a depth of six feet from a boring
("D3") completed November 2, 1974 in conjunction with a job previously per-
formed for the J. R. Simplot Company (Dames & Moore Job 4048-020-06,
dated December 22, 1974). Permeability of the sample was tested for
13 days utilizing gypsum slurry water only.

In addition to the permeability tests, the pH of the gypsum
slurry water was determined before application to the soil samples. A
sample of the same water collected after percolation through Samples "C,"
"D" and "E" was also analyzed for pH. Mechanical and hydrometer analysis
of Sample "A" for textural classification was also made.

RESULTS:

-

The results of the permeability tests are shown in Tables 1

through 6.

Samples "A' and "B'" yielded perméability values with tap water

of about 65 and 140 ft/year, respectively. Within approximately 5 hours of
RN k\_ N -

- - \ i)



changing to gypsum slurry water, permeability had decreased to about 20 _and
3 I‘Be.

9 feet/year, respectively. In less than one week, permeability rates of both

- A
1

samples were less than one foot/year. At the end of the 14 day test period
both samples showed permeability rates of about 0.85 feet/year.
0.0w¢" /bh\

The initial permeability rates of the other three soil samples
("C," "D" and "E") tested only with gypsum slurry water averaged about 45,

85 and 250 feet/year, respectively. (Semple "C" was severely disturbed by
sampling; this may be responsible for the low initial permeability value).
Within 24 hours, these samples showed permeability rates of about 3, 10 and &
feet/year. By the end of the 15 day test period, permeability rates of the 3
samples ranged from 1.2 to 1.5 feet/year.

VO& [ vy,

Initial permeability rates of the subsurface sample ("F') averaged
about 215 feet/year. This decreased to about 9 feet/year within 24 hours and
by the end of the 13 day test period, permeablllty was less than 0 5 feet/year.

8.0\g" [ vay

The initial pH of the gypsum slurry water used in these tests was

1.7. Following percolation through soil samples 'C," "D" and "E" a composite

sample showed a pH of 3.6.
N

~

Mechanical analysis of sample "A'" for particle size revealed 85.2%
passidg a No. 200 u. S..Standard S;eve (0.075 mm). Hydrometer analysis
showed the following particle size distribution for the total sample:
Sand (> 0.05 mm), 39.5 percent; Silt (0.05-0.002 mm), 49.2 percent;

Clay ( <0.002 mm), 11.3 percent.

DISCUSSION
These investigations have verified that the gypsum slurry reacts

chemically with the hative.silt loess soils underiying the operating gypsum

DARKIES & MOOo e
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storage area to significantly reduce permeability. The original permeabilities

of these soils were about 50 to 250 feet per year. These were reduced
(W L e

through reaction with the pefcolation of the slurry water to about one foot,

e N

per year or less. This represents a reduction in permeability of 97 to 99

—— e

percent.

Permeabilities of this order are generally quite acceptable for
clay or bentonite liners constructed for in&ustrial waste ponds and for
sewage lagoons. The Utah Code of Waste Disposal Regulations allow a maximum
seepage through the bottoms of sewage lagoons of 0.25 inches per day or 7.6
feet per year. The Idaho Department of Environmental and Community Services
(personal communication, January 5, 1976) has used this same figure for a
number of years but now considers additional factors in determining allowable
seepage in a given.case.

Formation of the Simcrete substance did not occur under the labora-
tory conditions of testing during the short term of ghe tests. However, the
samples, when examined following the tests, showed positive indications that
such induration was commencing with definite cementation having taken place,
particularly in the upper portion of the samples.

The cementing material which is formed and which contributed to
the decreased permeability could not be chemically identified although two
definite types were differentiated by optical examination. The chemical
reaction producing Simcrete is unknown but involves a change from a
calcareous to non-calcareous state with replacement of calcite and dolomite.

The cementing substances are probably compounds of calcium, phosphate and/or

sulfate possibly containing iron and magnesium.

WA AT S T A O E
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Whatever the chemical nature of the soil-gypsum slurry reaction
may be, the practical significance is that, in essence, a liner of very
16w permeability is created under the storage area in a short period of time,
wherever this reaction occurs. This reaction, with its reduced perméability,
may be expected to occur wherever ;imilar reactive soil undérlies the-gypsum

storage - area.

Respectfully submitted,
DAMES & MOORE

e

Richard Chojnacki
Associate

Rz vie]

Peter F. Olsen
RC/PFO:ab Project Manager
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TABILE 1 PERMEABILITY RATES - SOIL SAMPLE "'A"
Wet Density " Moisture Content
Before Test 98.1 1lbs/cu ft Before Test  13.2%
® After Test 111.1 1lbs/cu ft After Test 28.1%
Dry Density
After Test 86.7 1lbs/cu ft
] Observation
Water Elapsed Time Time Number of Permeability In Ft/Yr
Source Days Minutes (Minutes) Observations Range Mean
S
TapWater . O 118 3 76.7-85.5 79.9 25
" 2 45 9 54.4-89.4 70.0
® . 5 25 5 62.2-77.8 68.4
‘ " 6 49 11 58.3-68.0 62.3
Gypsum
Slurry 15 1 58.3
e " 53 1 55.2
" 70 1 52.6
" 82 1 43.7
" 113 1 33.8
" 125 1 43.7
" 235 1 28.1
¢ " 315 1 19.7
" 1 538 12 4.6-13.9 7.2
" 2 476 4 5.2-11.7 6.6
" 3 1489 5 3.4- 4.2 4.0
" 4 . 349 3 0.49- 3.1 1.7
" 7 541 3 0.07~ 0.27 0.13
e "o 8 1431 3 1.1- 1.3 1.3
" 9 1241 2 1.2- 1.3 1.2
" 10 1626 2 0.89- 0.95 0.93 _
" 11 1265 2 0.55- 0.97 0.86 :l'r_."
" 14 4235 2 0.82- 0.85 0.85.
®
o
@
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o TABLE _2 PERMEABILITY RATES - SOIL SAMPLE “'B"
Wet Density Moisture Content
| Before Test 98.1 1lbs/cu ft Before Test 11.6%
‘. After Test 114.1 1bs/cu ft ' After Test 28.7%
Dry Density
After Test '88.6 lbs/cu ft
\
Observation -
[ ) Water Elapsed Time Time Number of Permeability In Ft/Yr
~ Source Days Minutes (Minutes)  Observations Range Mean
Tap Water 0 81 3 289.7-408.7 352.5
" 2 45 9 116.6-182.7 144.7
" 3 25 5 116.6-186.6 . 147.0
() o § _______ 49 11 132.2-145.8 137.63
Gypsum :
Slurry 15 1 114.0
" 53 1 115.1
" 90 1 33.6
¢ " 102 1 50.2
" 133 1 29.4
" 145 1 22.7
" 250 1 10.0
" 333 1 9.1
" 1 477 12 1.2- 11.0 4.7
o " 2 476 5 2.1- 7.0 3.7
Y 3 1489 5 1.9- 2.6 2.5
" 4 1273 4 0.46- 2.1 2.0
" 7 4323 4 0.02~ 1.3 1.4
" 8 1429 3 0.50- 1.2 1.1
" 9 1241 2 0.50- 1.0 0.63
A o 10 1626 2 0.77- 0.87 0.80
' " 11 1470 2 0.25- 1.0 0.75
" 14 4235 2 0.69- 0.95 0.84
®
¢
@
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TABLE 3 PERMEABILITY RATES - SOIL SAMPLE ''C"

Wet Density | Moisture Content
Before Test 97.6 lbs/cu ft Before Test 11.3%
After Test 113.3 1bs/cu ft After Test 29.2%

Dry Density

After Test 87.7 lbs/cu ft

Observation

Water Elapsed Time Time Number of Permeability In Ft/Yr

Source (Days) (Minutes) Observations Range Mean

Gypsum

Slurry 0 442 33 0-51.8 7.8
" 1 1675 5 1.3- 7.0 2.6
" 4 660 3 2.9- 5.2 3.4
" 5 1380 1 2.1 2.1
" 6 1456 2 1.3~ 1.7 1.6
" 7 300 1 2.9 2.9
" 11 4843 4 1.2- 2.2 2.2
" 12 1410 3 1.2- 1.6 1.3
" 13 1073 1 1.3 1.3
" 15 3101 2 1.2- 2.4 1.3
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TABLE 4 PERMEABILITY RATES - SOIL SAMPLE 'D"

Wet Density . Moisture Content
Before Test 98.5 1lbs/cu ft Before Test 13.2%
After Test 109.5 1bs/cu ft After Test 25.47%

Dry Density

After Test 87.0 1lbs/cu ft

Observation
Water Elapsed Time Time Number of Permeability in Ft/Yr
Source (Days) ~ (Minutes) Observations Range Mean
Gypsum
Slurry 0 189 34 38.9-103.7 63.2
" 1 1470 4 5.1- 10.1 8.6
" 4 660 3 4.5- 6.3 5.2
" 5 1380 1 2.7 2.7
" 6 887 1 1.8 1.8
" 7 1430 2 2.2; 3.1 2.9
" 8 919 1 1.9 1.9
" 11 : 460 3 2.8- 3.3 3.0
" 12 1410 3 1.3- 2.2 2.0
" 13 1073 1 1.4 1.4
2 0.97- 3.8 1.2

" 15 3101
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TABLE 5 PERMEABILITY RATES - SOIL SAMPLE "E"

Wet Density Moisture Content
Before Test 89.7 1bs/cu ft Before Test 12.2%

After Test 105.6 1lbs/cu ft After Test 32.1%

Dry Density

After Test 80.0 lbs/cu ft
Observation

Water Elapsed Time Time Number of Permeability In Ft/Yr

Source (Days) _(Minutes) Observations Range Mean

Gypsum

Slurry 0 171 31 71.3-259.2 122.0
" 1 755 3 4.0- 7.6 4.9
" 4 660 3 1.5- 2.7 2.4
" 5 1380 1 2.2 2.2
" 6 1425 2 2.2- 2.4 2.3
" 7 300 1 1.2 1.2
" 8 919 1 2.2 2.2
" 11 460 3 0.86- 1.7 1.2
" 12 1410 3 1.6- 1.9 1.8
" 13 1073 1 1.7 1.7
" 15 3101 2 0.50- 1.6 1.5

[ AN N aE ERO DRV o WA A



TABLE 6 PERMEABILITY RATES - SOIL SAMPLE 'F"

Permeability in Ft/Yr

: Observation
Water Elapsed Time Time Number of
Source {Days) _(Minutes) Observations
Gypsum
Slurry 0 36 - 3
" 1 500 2

" 4 4045 2

" 5 1660 4

" 6 927 2

" 7 - 1502 2

" 8 930 1

" 11 4875 1

" 12 1120 2

" 13 1100 1

Range
168.5-231.2
8.7- 37.3
0.51- 0.07
0.14- 2.8
0.00- 0.13
0.00
0.44
0.46 _
0.07- 0.23
0.42

Mean

215.4

10.
.10
.0

.06
.00
Y
.46
.10
.42

COO0OOOOMNMO
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CHECKED

'I‘be- quantity and the velocity
of flow of water which will es-
cape through an earth structure
or percolate through soil are
dependent upon the permeability
of the earth structure or soil.
The permeability of soil has
often been calculated by empir-
ical formulas but is best de;
termined by 1laboratory tests,
especially in the case of com-
pacted soils.

A one-inch length of t.hge
core sample is sealed in the
percolation apparatus, placed
under a confining load, or sur-
charge pressure, and subjecied
to the pressure of a known head
of water., The percolation rate
is computed from the measure-
ments of the volume of water
which t‘l_ows through the sample
in e series of time intervals.
These rates are ususlly ex-
pressed as the vélocity of flow
in feet per year under a hy-

draulic gredient of one and at

.

a a3 -
o1 vla PN H ]

- "Ul_\“ﬁiﬂ m\!. Y B

APPARATUS FOR PERFORMING PERCOLATIONS TESTS

Shows tests jin progress on eight samples simultaneously.

a temperature of ‘20 degrees Centigrade. The rate so expressed may be adjusted for any set of condirions involving

the same soil by employing established physical laws. Generally, the percolétion rate varies over a wide range at

the beginning of the test and gradually approaches equilibrium as the test progresses,

During the performance of the test, continuous readings of the deflection of the sample are taken by means of

micrometer dial gauges. The amount of compression or expansion, expressed as a percentage of the original length

of the sample, is a valuable indicstion of the campression of the soil which will occur under the action of load or

the expansicn of the soil as saturation takes place.

METHOD OF PERFORMING
PERCOLATION TESTS

DAMES 8 MOORE
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THE UNIVERSITY OF UTAH
COLLEGE OF MINES AND MINERAL INDUSTRIES
SALT LAKE CITY 84112

DEPARTMENT OF GEOLOGY

AND GEOPHYSICS
December ¢, 1975

717 Mixeras Science Bunoive

Dr. Peter F. Olsen

Project Ecologist

Dames and Moore

Suite 200

250 East Broadway

Salt Lake City, Utah 84111

Dear Dr. Olsen:

Enclosed is a report of our optical investigation of "simcrete"
samples. We have found two distinct types of secondary material
which would decrease porosity and permeability and increase
cohesive strength. The first, shown.in photographs 1, 2, 3, and
4, is isotropic and has a refractive index below 1.54. The
second, shown in photographs 5, 6, and 7, is anisotropic
radlating crystals with refractive indices below 1.54, low
birefringence, and parallel extinction. Neither of these
materials could be identified as to chemical species with
current information. '

Further studies should include microprobe determination of
the composition of each phase and an x-ray diffraction study
of each phase. '

Thank you for the opportunity to be of service.

Z£;2§i7cere;; yours,
1 . Z rofesgor



Report On The Opticel Investigation

The samples of old and young 'simcrete' were examined under a low
power binocular microscope to determine the appearance of the cementing
material. Two types of secondary material were identified. Some of the
old 'simcrete' had discontinuous, parallel partings which contained a
vitreous coating. These partings were well developed in a number of samples
but in general, both the old and young ‘simcrete’ is dense and without the
partings. Both o0ld and young ‘'simcrete' had small, soft, white spots of
material that appeared secondary in nature.

Four samples were chosen for their good development of the two un-
known materials. These were cut into slices and.cemented to glass slides.
The cemented slices were then polished to a thickness of about 0.03mm, and
a cover glass eﬁoxied to each mount.

- These petrographic slides were examined and photographed under plane
polarized light. The following photographs and their accompanying explain-
ations demonstrate the maximum amount of information that can economically

be obtained from this material by optical methods.

Photo 1
Two open partings, partially

filled with an isotropic, high re-
lief, low RI,crystalline materiél
that'sapparently a cement. The de-
trital grains are quartz and feld-
spar with a browvn matrix of clay
and organic material. The cement
completely fills the parting in
the upper right corner of the
framé. The sample is of the old
simcrete. The bar scale repre-
sehts 0.5mm. The box encloses

the field of photo 2.




Photo 2

A close-up of photo 1. The un-
knovm material stands out in high
relief against the epoxy filled part-
ing. The obvious crystalline nature is
readily apparent. The circular feature
in the upper left corner is a bubb}e
in the epoxy. The bar scale repre?

sents 0.1mm.

Photo 3

A void, nearly filled with the
cementing material. The angular bound-
ary of the cement with the central part
of the cavity may indicate the maxi-
mum growth of the crysalline cement.

This might demonstrate the reduction

.of the primary porosity by the cement.

The bar scale represents 0.5mm.



Photo 4

A parting, completely filled
with the unknown material runs di-
agonally across the frame. A dark,
linear-feature seems to bisect the
parting lengthwise, and may be due
to the growth of the cement crys-
tals from either side of the part-
ing. The sample is of the old
‘simcrete'. The bar scale repre-

sents 0.5mm.

Photo 5

A low magnification frame of
a sample of the younger 'simcrete’
The high apparent porosity is due
to the plucking of this soft rock
in polishing. The previously hen-
tioned cement is present plus a-

' nother unknown material which oc-
curs as dark spots in this frame.
In the hand specimens, these spots
are white and very soft. These
spots are also visible in the old
'simcrete!'. The bar scale repre-

sents O.5mm.



Photo 6

A higher magnification view
of part of frame 5. The spots are
seen as radiating, crystalline
material. The radiating crystals
have high relief, low RI, low bire-
fringence, and parallel extinction.
All of the spots are mantled by
a dark ahorphous material. Note
that the crystals seem to mantle
the detrital grains with no ap-
parent interaction. The bar scale

represents O.1mm.

. Photo 7

A high mégnification view of
one of the spots, showing the lack
of reaction between the radiating
crystals and the detital grains.
The very fine fabric of the spots
and their mantling amorphous
covering prevents further optical
investigation of this still un-
known material. The bar scale

represents 0O.1mm.



ATTACHMENT 4

HUNDRED FOLD REDUCTION IN PERMEABILITY
UNDER A GYPSUM STACK

J. F. COCHRANE
J. R. Simplot Company
Pocatello, Idaho

recycied paper ceotogy and environment
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HUNDRED FOLD REDUCTION IN PERMEABILITY UNDER A GYPSUM STACK

SUMMARY :

Laboratory investigations have verified field observations that
gypsum slurry water reacts chemically with native silt loess soils
underlying an operating gypsum storage area to significantly reduce
permeability. The original soil permeabilities were about 50 to 250
feet per year. These were reduced through reaction between the soil
and the percolating gypsum slurry water to about one foot per year
or less during a 15-day test. The soil at the gypsum storage area
in Southeastern Idaho is a calcareous silt loess and ranges in depth
from a few feet to in excess of 60 feet.

The chemical species causing the reduced permeability were not
positively identified. Optical examination of field samples revealed
the presence of two distinct types of secondary material which de-
creased porosity and permeability and increased cohesive strength.
Comparative studies of the native silt loess soil and the resulting
soil after treatment with gypsum slurry water were conducted by X-ray
diffraction and X-ray emission. These studies indicated the presence
of quartz, calcite and dolomite in the native soils; calcite and dolo-
mite were absent in the treated soil. In addition, the treated soil
contained an additional component which was not identified. - The
treated soil contained more sulfur, phosphorus, calcium and less
aluminum than the native soil. To the extent that these reactions
occur at various gypsum storage sites, they should contribute signif-
icantly to the minimization of seepage rates.

BACKGROQUND:

The J. R. Simplot Company has operated a phosphate fertilizer
complex in Southeastern 1Idaho near Pocatello for approximately 34
years. Gypsum has been produced as a byproduct of wet process phos-
phoric acid (WPA) production for 27 years. The original gypsum stor-
age area was abandoned in 1966. A new gypsum disposal area was con-
structed on a 100-foot high bench South of the plant. Because of the
distance and elevation involved to reach the new storage area, it was
decided to install gypsum thickeners to concentrate the material to
about 35 to 40 weight percent solids before pumping the material to
the storage area. The new gypsum storage area receives a small volume
of water in comparison to conventional gypsum storage areas which do
not use a thickener. Nevertheless, it was noticed by plant personnel
that water tended to accumulate in a relatively short time after
gypsum was pumped onto previously uncovered soil.
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Observations by personnel from a consulting engineering firm
during preparation of an Environmental Analysis Record confirmed ob-
servations by plant personnel that gypsum slurry water reacted with
the native soil to greatly reduce permeability. Subsequent to this
the consulting firm was hired to perform laboratory studies for the
purpose of determining if the observed reduction in permeability
could be reproduced in the laboratory and if the mechanism aund chem-
istry causing the reduced permeability could be identified. o

The byproduct gypsum is a di-hydrated calcium sulfate produced
by reacting sulfuric acid with ground phosphate ore to produce phos- \
phoric acid. The phosphoric acid is separated and used to make var-
ious grades of phosphate fertilizers. Approximately five tons of
gypsum is produced for each ton of phosphate (P;05) produced by the
WPA plant. In the storage pile, the gypsum exhibits bands and lay-
ers of different coloration, alternating generally from light gray
to dark gray. The darker layers result from organic impurities in
the phosphate ore, but do not produce any measurable difference in
the engineering properties of the gypsum. This layered structure
results in a highly anisotropic permeability; that is, the permea-
‘bility in the horizontal direction is many times greater than that
in the vertical direction. Chemically, the gypsum tailings are com-
posed of calcium sulfate (CaS0,.2H90) with various impurities. Chem— ' _4pnq
ical analyses of the solid and liquid fractions will vary on a daily .
basis. ‘The composition of a one-day composite for the two fractioms
is shown in Table 1.

The general soil cover in this area is described as calcareous
silt. This soil, having been deposited by wind, is commonly charac-
terized as loess or silt loess. The soil ranges in depth from a few
feet to in excess of 60 feet at the gypsum storage area as deter-
mined by previous field investigations. Hydrometer analysis of a
soil sample showed the following particle size distribution for the
total sample: sand (greater than 0.05 mm}, 39.5%; silt (0.05-0.002
mm), 49.2%; clay (less than 0.002 mm), 11.3%.

Wind blown soils of this type are found in portions of most of

the Midwestern and Northwestern states; beginning near the Great
Lakes and extending to Washington and Oregon.

!ECYC'Ed paper n'('ulng) and environment
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LABORATORY INVESTIGATION:

Soil samples were taken using thin wall samplers from the top
six inches of soil at five locations. All of these locations will
eventually be covered by by-product gypsum. All samples were dis-
turbed during sampling and had to be recompacted. A two-inch long
core from each sample was selected for the actual permeability tests.
The permeability tests were performed under a confining pressure of
100 pounds per square foot.

Two of the soil samples were subjected to permeability tests
utilizing tap water for six days followed by 14 days of testing
utilizing water from the gypsum slurry. Three of the soil samples
were tested for 15 days utilizing only water from the gypsum slurry.
Permeability of another sample taken at a depth of six feet was
tested for 13 days utilizing only water from the gypsum slurry.

Two samples of soil located under the gypsum storage area were
collected for optical and X-ray examination. Optical examination of
thin sections made from the samples was done to measure refractive
index, etc., and to make photomicrographs. Samples of the native
silt loess soil and treated samples were compared by X-ray dlffrac—

tion and X-ray emission studies.

RESULTS:

Results of the permeability tests are shown in Tables 2 through
7. The change in soil permeability is especially dramatic for sam-
ples "A" and "“B" because these samples were first tested with tap
water and then tested with water from the gypsum slurry. The initial
permeability of the samples was about 80 and 350 feet per year respec-
tively. After exposure to tap water for six days the permeability had
decreased to 62 and 140 feet per year respectively. After exposure to
water from the gypsum slurry for one day, the permeability had de-
creased to seven and five feet per year respectively. Permeability of
both samples decreased to less than one foot per year before comple-
tion of the l4-day exposure to water from the gypsum slurry.

It was noted that sample "E'" shows the greatest permeability (1.5
feet per year) and also the lowest density before and after the tests.
This sugzgests that this particular sample may not have been recom-
pactec :s much as the other soil samples. In any event, the results
are consistent with field experience which indicates that a soil with
greater density will have a lower permeability.
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The optical investigation of the treated samples indicated two
distinct types of secondary material had formed that would decrease
the porosity and permeability and increase the cohesive strength.
The chemical species of these materials was not identified. The
first chemical specie is isotropic and has a refractive index below
1.54. The second chemical specie is anisotropic radiating crystals
with a refractive index below 1.54; the crystals exhibit bi-re-

-fringence and parallel extinction. The photomicrographs show the

first chemical specie to be of obvious crystalline nature. This
material was observed to partially or completely fill voids in the
original soil. This crystalline material was observed in an older
soil material taken from a stratum approximately ome foot in thick-
ness located about 50 feet below the surface of the abandoned gypsum
storage area. A younger material taken at the gypsum~soil ianterface
vhere gypsum had been in place for about six months and covered the
soil to a depth of only two to five feet did not contain the above
mentioned crystalline material. It did, however, contain a second
chemical specie. This second material was observed to consist of
radiating crystals having high relief, a low refractive index, low
bi-refringence, and parallel extinction. This material showed no
apparent interaction with the adjacent soil particles. These cry-
stals had grown to a size in excess of 100 microms. This chemical
specie would be expected to reduce porosity but not create the ce-
menting action observed by the first chemical specie.

The initial pH of the water from the gypsum slurry used in
these permeability tests was 1.7. Following percolation, through
soil samples, a composite sample showed a pH of 3.6.

Neutralization of the water from the gypsum slurry with calcium
precipitates a large percentage of the soluble fluoride and silica

at a final pH of 3.6.

The unidentified compounds which cause soil cementing aund re-
duced permeability resulted in the material being referred to as
"Simcrete" in reference to Simplot concrete. Formation of the "Sim-
crete" substance did not occur under the laboratory conditions of
testing during the short-term permeability tests. However, these
samples, when examined following the tests, showed positive indica-
tions that such induration was commencing with definite cementation
having taken place in the upper portion of the samples. The chemical
reaction or reactions producing "Simcrete' is unknown at the present
time, Eut involves a change from a calcareous to non-calcareous state

recycled paper

cealogy nad emiromnent
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with replacement of calcite and dolomite. The cementing substances
are probably compounds of calcium phosphate, sulfate, and/or fluoride
and possibly containing iron and magnesium. The X~ray diffraction and
X-ray emission studies indicate the presence of quartz, calcite and
dolomite-in the native soil; calcite and dolomite were absent in the
"Simcrete". In addition, it was determined that the "Simcrete" con-
tained more sulfur, phosphorus, and calcium and less aluminum than
the silt loess soil. The older "Simcrete' sample showed components
which were not present in the native soil. These components had X-
ray diffraction d-spacings of 9.61, 5.91, 5.07, 4.19, 3.23, 2.83,
2.72, 2.56, 2.34, and 2.18 angstrom units.

CONCLUSION:

The practical significance of the soil-gypsum slurry water re-
action is that a liner of very low permeability is created under the
gypsum storage area in a short period of time, wherever this reac-
tion occurs. This reaction, with its reduced permeability, may:be
expected to occur wherever similar reactive soill underlies the gypsum
storage area. Hydraulic studies in the laboratory showed that soil
having original permeabilities of 50 to 250 feet per year were re-
duced by the unidentified chemical reactions to permeabilities rang-
ing from .85 to 1.5 feet per year within 15 days. The laboratory
soils tested for permeability were also measured for demsity. Those
samples which had the greatest density showed the lowest permeability.

A cementing action was noted on the surface of these samples dur- .

ing the laboratory testing.

The X-ray studies indicated the presence of quartz, calcite, and
dolomite in the native soil. The soil samples which had been exposed
to water from the gypsum slurry did not contain calcite or dolomite.
The optical examination revealed the presence of two yet unidentified
crystalline materials. One of the crystalline materials did not fully
occupy voids in the soil because of the radial characteristic of the
crystalline material. The second compound appeared to be attached to
the soil matrix and progressively grew into the void in a solid mass
until, in some cases, the void was entirely filled with the crystal-
line material. In summary, although the chemical reactions remain
unknown at the present time, the soil-gypsum slurry water reaction
has been shown to reduce soil permeability in both field and labora-
tory conditions by amounts ranging from 97 to 99% in about two weeks
of exposure.

b b e M S 2




TABLE 1

CHEMICAL CHARACTERISTICS OF SOLID AND LIQUID FRACTIONS

OF GYPSUM SLURRY

(Daily composite ‘sample taken from influent to operating gypsum
storage area at J. R. Simplot Company plant)

Constituent

Sulfate as SO4
Calcium as Ca
Silicon Dioxide

Phosphoric acid as P

Aluminum as Al
Sodium as Na
Fluoride as F
Strontium as Sr
Iron as Fe
Magnesium as ‘Mg

Zinc as Zn
Chromium as Cr
Manganese as Mn
Vanadium as V
Copper as Cu
Cadnium as Cd
Lead as Pb
Uranium as U
Molybdenum as Mo
Antimony as Sb

Selenium as Se

.Silver as Ag

Arsenic as As
Mercury as Hg
Cyanide as Cn
Water of Hydration

recycled paper

275

Solids (%)

53.500

20.350
- 7.150
1.450
0.985

0.745.

0.560
0.025
0.025
0.015

0.006
0.004
0.004
0.003
0.002
0.001
0.001
< 0.001
0.000
0.000

0.000
0.000
0.000
0.000
0.000

18.170

Total 102.996

Liquid (mg/1)

3020.0
320.0
133.30

4800.0
175.70

27.63

3200.0

ND
6.898
360.0

15.0
0.703
4.943

17.231
3.862
1.585
0.174
1.350
0.328
0.30

0.260,
0.029
0.013 -
0.005
<0.01

12089.311

ceology and environment
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TABLE 2

PERMEABILITY RATES - SOIL SAMPLE "A"' - ilo

. o

Wet Density : Moisture Content :

. b

k Before Test 98.1 lbs/cu ft Before Test 13.2% [
After Test = 111.1 lbs/cu ft After Test 28.17 HO

Dry Density

After Test  86.7 lbs/cu ft

Observation Number of S
Water Elapsed Time Time Observa- Permeability in Ft/Yr
Source Days Minutes (Minutes) tions Range Mean
Tap Water O 118 3 76.7-85.5 79.9 5
Tap Water 2 45 9 54.4-89.4 70.0 o
Tap Water 5 25 5 62.2-77.8 68.4 3
Tap Water 6 49 11 58.3-68.0 62.3 5
Gypsum
w414~ Slurry 15 1 58.3 0
" 53 1 55.2
" 70 1 52.6
" 82 1 43.7
" 113 1 33.8
" 125 1 43.7 ©
" 235 1 28.1
" 315 1 19.7
" 1 538 12 4.6 -13.9 7.2
" 2 476 4 5.2 -11.7 6.6
o 3 1489 S 3.4 - 4.2 4.0
" 4 349 3 0.49- 3.1 1.7 o
" 7 541 3 0.07- 0.27 0.13
" 8 1431 3 1.1 -1.3 1.3
" 9 1241 2 1.2 - 1.3 1.2
" 10 1626 2 0.89-~ 0.95 0.93
" 11 1265 2 0.55- 0.97 0.86
'_" 14 4235 2 0.82- 0.85 0.85 O
O
|
)




TABLE 3

PERMEABILITY RATES - SOIL SAMPLE "B"

Wet Density

Before Test 98.1 1bs/cu ft
After Test 114.1 lbs/gu ft

Dry Density

After Test 88.6 1lbs/cu ft

Moisture Content . ..

Before Test 11.6Z
After Test 28.77

Observation Number of

Water Elapsed Time - Time Observa- Permeability in Ft/Yr
Source Days Minutes (Minutes) tions Range Mean
Tap Water O 81 3 289.7-408.7 352.5
Tap Water 2 45 9 116.6-182.7 144.7
Tap Water 3 25 5 116.6-186.6 147.0
Tap Water 6 49 11 132.2-145.8 137.6 -415
Gypsun
Slurry 15 1 114.0
" 53 1 115.1
" . 90 1 33.6
" 102 1 50.2
" 133 1 29.4
" 145 1 22.7
" 250 1 10.0
" 333 _ 1 9.1
" 1 477 12 1.2 -11.0 4.7
" 2 476 5 2.1 - 7.0 3.7
" 3 : 1489 5 1.9 - 2.6 2.5
" -4 1273 4 0.46- 2.1 2.0
" 7 4323 4 0.02- 1.3 1.4
" 8 1429 3 0.50- 1.2 1.1
" 9 1241 2 0.50- 1.0 0.63
" 10 1626 2 0.77- 0.87 0.80
" 11 1470 2 0.25- 1.0 0.75
" 14 4235 2 0.69- 0.95 0.84

recycted paper

cealogy and environment




TABLE 4

PERMEABItITY-RATES - SOIL SAMPLE "C"

Wet Density : . Moisture Content _ ‘O

Befére Test 97.6 1lbs/cu ft Before Test 11.3%
After Test 113.3 1bs/cu ft After Test 29.2Z
Dry Density
O

After Test 87.7 lbs/cu ft

Observation
Water Elapsed Time Time Number of Permeability in Ft/Yr
Source (Days) (Minutes) Observations Range Mean O
Gypsum
Slurry 0 442 33 0-51.8 7.8
" 1 1675 5 1.3- 7.0 2.6
~416-- " 4 660 3 2.9- 5.2 3.4 o
- " 5 1380 1 2.1 : 2.1
" 6 1455 2 1.3- 1.7 1.6
" 7 300 1 2.9 2.9
" 11 4843 4 1.2- 2.2 2.2
" 12 1410 3 1.2- 1.6 1.3
" 13 1073 1 1.3 1.3 O
" 15 3101 2 1.2- 2.4 1.3
O
O
C
."{
©
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TABLE 5

PERMEABILITY RATES - SOIL SAMPLE ''D"

Wet Density

Before Test 98.5 lbs/cu ft
After Test 109.5 1lbs/cu ft

Dry Density

After Test 87.0 1lbs/cu ft

Moisture Content

Before Test 13.2Z
After Test 25.4%

Ft/Yr

Observation -
Water Elapsed Time Time Number of Permeability in
Source (Days) (Minutes) Observations Range
Gypsum .
Slurry 0 189 34 38.9-103.7
" 1 1470 4 5.1- 10.1
" 4 660 3 4.5- 6.3
" 5 1380 1 2.7
" 6 887 1 1.8
" 7 1430 2 2.2- 3.1
" 8 919 1 1.9
" 11 460 3 2.8- 3.3
" 12 1410 3 1.3- 2.2
" 13 1073 1 1.4
" 15 3101 2 0.97- 3.8

recycled paper

ceology and environmeny
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TABLE 6

PERMEABILITY RATES -~ SOIL SAMPLE '"E"

Wet Density ‘ Moisture Content C
Before Test 89.7 ibs/cu ft Before Test 12.2%
After Test 105.6 1lbs/cu ft : After .Test 32.1%
Dry Density
C

After Test 80.0 1bs/cu ft

Observation
Water Elapsed Time Time Number of Permeability in Ft/Yr
" Source (Days) {Minutes) Observations Range Mean (?
Gypsum
Slurry 0 171 31 71.3 -259.2 122.0
n 1 755 3 4.0 - 7.6 4.9
~-418- " 4 660 3 1.5 - 2.7 2.4 C
" 5 1380 1 2.2 2.2
" 6 1425 2 2.2 - 2.4 2.3
" 7 300 1 1.2 1.2
" 8 919 1l 2.2 . 2.2
" 11 460 3 0.86- 1.7 1.2
" 12 1410 3 1.6 - 1.9 1.8 C
" 13 1073 1 1.7 1.7
" 15 3101 2 0.50- 1.6 1.5
O
4
O
o
’ O
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TABLE 7

PERMEABILITY RATES - SOIL SAMPLE "F"

Observation .

Water Elapsed Time Time Number of  Permeability in Ft/Yr

Source (Days) (Minutes) Observations Range . Mean

Gypsum .

Slurry 0 " 36 3 168.5 -231.2 215.4
" 1 500 2 8.7 - 37.3 10.8
" 4 4045 2 0.51- 0.07 0.10
" 5 -1660 4 0.14- 2.8 2.0
" 6 927 2 0.00- 0.13 0.06
" 7 1502 2 0.00 0.00
" 8 930 1 0.44 0.44
" 11 4875 1 0.46 0.46
' 12 1120 2 0.07- 0.23 0.10
" 13 1100 1l 0.42 0.42

' recycled paper . cealogs nnd emvironment
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DEFINITIONS

Anisotropic Minerals. The minerals which do not crystallize in
an isometric system such as diamond, garmet, fluorite, etc., but
contain a definite crystalline system of intermal structure.

Anisotropic Permeability. The permeability varies with direc-
tion; i.e., horizontal versus vertical.

Bi-refringence. Light passing through a transparent mineral
creates a double refraction and creates double images.

Parallel extinction. The wave motion of light has been limited

to a single plane of vibration by absorption by certain crystals.
When vibration is thus restricted, light 1s said to be polarized.
Light transmitted through two plates of the material is eliminated
where the plates overlap when the planes of vibration are 90°
apart.




THE UNIVERSITY OF UTAH
COLLEGE OF MINES AND MINERAL INDUSTRIES
SALT LAKE CITY 84112

. ¢
DEPARTMENT OF GEOLOGY

AND GEOPHYSICS | . August 15, 1975

717 MineraL ScieNce Builoine

Mr. Dennis J. Paulsen
Dames and Moore, Eng.
250 East Broadway

Salt Lake City, Utah

~Dear Mr. Paulsen:

Two samples, designated Sample 1, silt loess-calcareous and Sample 2,
indurated silt loess-noncalcareous, submitted to me on August 11, 1975
were subjected to x-ray analysis with the fo]]owing results:

1. X-ray diffraction. A powder-pack mount of each sample
was -analyzed using Copper K-alpha radiation to determine differences
between samples 1 and 2. Components identified in sample 1 are
quartz, calcite, and dolomite. Quartz was identified in sample 2.
Calcite and dolomite are missing from sample 2. An additional component
or components is present in sample 2 with x-ray diffraction d-spacings
of 9.61, 5.91, 5.07, 4.19, 3.23,2.83, 2.72, 2.56, 2.34, and 2.18
angstrom units. A thorough and careful search of our powder diffraction
file has failed to produce a firm identification of this material.
2. X-ray emission. Phosphorous, sulfur, calcium, and
aluminum contents of samples 1 and 2 were compared using 1-1/4
inch diameter pellets of the samples and a chromium target x-ray
tube. Sample 2 contains more S, P, Ca and less Al than sample 1.

The unidentified substance in sample 2 is probably a compound
or compounds of calcium, phosphite and/or sulfate possibly containing ,
iron and magnesium. Definite identification will require tedious and time
consuming procedures such as heavy liquid separation and purification of
the unknown, petrographic analysis of thin sections, or electron microprobe
analysis. As a first step complete chemical ana]ys1s of samples 1 and 2
for 504, P04, Na, Mg, A1, Si, P, K, Ca, Mn, Fe, V, etc., is suggested.

The x-ray diffraction and emission analysis charts are enclosed.

W.. T. Parry,
Professor

WTP/d1

Enclosures
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DAMES & MOORE

" CONSULTANTS . IN APPLIED EARTH.SCIENCES
SOIL MECHANICS . ENGINEERING GEOLOGY - GEOPHYSICS

41S SOUTH SECOND EAST STREET - SALT LAKE CITY (I, UTAH + ELGIN 9-8764

PARTNER: WARREN D.CURTIS
July 10, 1962

J..R. Simplot Company
P. 0. Box 912
Pocatello, Idaho

Attention: Mr. Keith A. Bithe;l

Gentlemen:

Ten copies of our "Report of Soil Studies, Gypsum Tailings Pond,
Pocatello, Ideho, For the J. R. Simplot Company", are herewith submitted.

The scope of these studies was planned in consultation with
Mr. Keith A. Bithell of the J. R. Simplot Company. Historical data of the
existing teilings embankment and other information pertinent to our studies
were provided to us by Mr. Bithell.

The existing dike has a corputed safety factor of one. It is
therefore concluded that additional construction on top of the existing
dike may precipitate a general slide failure. Recommendations for stabilizing
the existing dike and construction of additional embankment height are

included herewith.

Preliminary recommendations were presented verbally in a conference

held with personnel from the J. R. Simplot Company on June 11, 1962. Recom-
mendations for the existing embankment correction were presented in our pre-

liminary letter dated June 13, 1962.

Yours very truly,

DAMES & MOORE

Warren D. Curtis
WDC/KS :ml
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REPORT OF SOIL STUDIES
GYPSUM TATLINGS POND -
POCATELLO, IDAHO

FOR THE J. R. SIMPLOT COMPANY

SCOFE

Presented in this report are our recommendations, with substanti-
ating data, resulting from our soil studies at the site of the Proposed -
Gypsum Tailings Pond that is being developed near Pocatello, Idaho, for
the J. R. Simplot Company.

The plant site of the Simplot Company is located approximately one
mile northwest of the City of Pocatello, Idaho, on U. S. Highway 30 North.
The existing tailings pond is bounded on the north by the mainline tracks
of the Union Pacific Rﬁilroad, and on the west by the Simplot plant. The
location of the site with respect to surrounding topographic features is
presented on Plate 1, Map of Area. The location and topographic terrain of
the existing tailings pord and dike are shown on Plate 2, Plot Plan.

Qur studies were ymdertaken for the following purposes:

1. To determine the subsurface soil and ground water conditions
of the existing teilings pond dike and discharged tailings
materiels.

2. To analyze the level of safety from a stability standpoint of
the existing tailings pond dike.

3. To recommend construction methods thaf can bé employed in
increasing the precsent embankment height.

L. To recommend materials which may be utilized in future embank-
ment construction.

5. To recommend criteria for the placement of embankment materials.

oDAantES & MCORSE
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6. To recommend safe slopes and meximum height for a continued

increase in embankment height.

The results of our field explorations and laboratory teéts, which
provide the basis for our recommendations; are presented in Apﬁendix A, Field
Explorations aﬁd Leboratory Tests. The dike history is set forth in Appen-
dix B, Historical Sketch of Gypsum Storage Pond.

SITE CONDITIONS

The tailings pond at present occupies a plan area of approximately
700 by 1200 feet. The site lies on the south edge of the river flood plane
formed by the Portneuf River. To the south of the site, the terrain rises
to form the foothills of the mountain range. The existing pond is bounded
on the north by the mainline tracks of the Union Pacific Railroad and on the
west by the Simplot'plant. The foothills form the southern limits of the
pond, end the terrain is slightly rolling to the éast of the pond. -

The natural riverbed deposits consist predominantly of sand and
gravel with a smail fracticn of silt-sized partiecles. The natural deposit
of the foothills consist-predominantly of silts with scattered gravels and
boulders.

We uncerstard that a commercial gravel pit at one time occupied
the site of the existing tailingé pond. In the develcpment of the pond,
gypsum tailings were depcsited by hydraulic methecds into the pit. As the
height of the pond was increased, natural soils were imported from the
foothills to the south to form the perimeter embankments on the north, west
and east sides of the pond. At the present time, the embankment is approxi-

mately 50 feet in height adjac=nt to the railroad right of way.

CAMES & MOORE
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Thé'shbéurféce'sbil'éoﬁditions at the éité wéré exﬁioréd By'dfiliihg
seven exploration borirgs with truck-mounted rotary wash-boring equipment.
These borings ranged in depths from 20 to 57 feet below the ground surface.
Borings 1, 2, 6 and 7 were drilled through the existing embankment. Borings
3_and L were drilied through the gypsum tailings within the embenkment and
Boring 5 was drilled in the natural soil deposits of the adjoiuning féothills
to the south. In addition to these borings, 11 hand augér borings were
drilled to obtain bulk samples c¢f the natural soils and gypsum deposits at-
various locations. The locations of all of the borings are shown on Plate 2.
Detailed descripticns of the scils enccuntered in the borings are presented
in Appendix A of this report.

In generel, as revealed by our borings, the natural soils of the
adjoining focthills, which were utilized Irn the perimeter embankments, con-
sist pfedominantly of silts interspersed with gra&el. The gypsum deposits
within the embarkment also consisted predominantly cf silt-sized particles.
Due to this similarity in mgterials, it was extremely difficuit to delineate
between the natural soils and the gypsum tailings in the borings driiled
through the embankmernt. However, from the results of moisture and density
determinations, it is believed tha% fhe natural soils may extend as deeply
as 30 feet belcw the tor of the embankment at the locations<¥fBorings 1 and 2.
At the locations of Borings 6 and 7, the gypsum was encountered at a depth
of approximately 12 feet. It is believed that the'construction procedure
in the past may havé resulted in a partial mixing of the two types of materials.
All of the borings except‘Boring 5 were terminated in the ﬁatural sand-and-
gravel deposit.

At the time of our explcrations, étanding water was encountered

at varicus depths beiow the ground surface. The depth at which ground water

DANMES & FASORIE
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was encountered is presented on the detailed logs presented in Appendix A.

DEVELOPMENT OF POND

We have been provided with a brief historical sketch of the pro-

cedures employed in the construction of the present embankment. This history

is presented in Apbeﬁdix B of this repcrt.
It is desirous from a Simplot cperational standpoint to heighten
the present embankment. It is understood that with the present rate of

discharge and present area available for storage, the pond'will fill at a

rate of approximately 10 feet per year. At the time of our exploration, the

level of the pond was approximately 10 feet beldw the existing embankment.
Additional embankment height is needed for future plant operations.
Present methods of taiiiig piacement consist of a perimeter dis-
charge along the outer iimits of the pond. Free water from the hydraulic
discharge.system drains to IZower grcund adjacent to the hillside to the
south of the pond. Free water is ther=after remcved through a decanting
system and is returred t5 tne plant.' We'understand that this system will

be maintained as the2 pord incressss ir. height.

DISCISSION AND RECOMMENDATTIONS

PRESENT EMBANKMENT :

We hgve analiyzed the level of safety from a stability standpoint
of the present tailings pond embankment. Qur analyses has been based on a
slidiné circular type of failurs. A failure cf this type would result if
the actuating forces would exceed the resisting forces of the soil mass.

Based on the results of our laboratory test data and engineering analyses,

it is concluded that the existing embankment has a factor of safety of one..

Such a factor is considerad precipifous in normal embankment design. It is

thus recommended that no additional construction be undertaken to heighten

DAMES T MIOORE
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the existing embankment without first undertaking corrective measures.
Stability of the embankment also requires that the surface of ponded wéter
be maintained away from the perimeter of the embankment. A minimum distance
of 150 feet is recommended. The discussion that foliows on corrective measures
is based on the assunption that this minimum distance will be maintained in

plant operations. Minimum distances are shown on Plates 3-A and 3-B.

~ RECOMMENDED CORRECTIVE MEASYRES FOR PRESENT EMBANKMENT:

It is considered a likely possibllity that additional construction

on top of the present embankment may precipitate a general slide-type failure.

There are numerous methods for correcting a potentially unstable embankment
condition. The most feasible in most cases is to flatten the existing slope,
tﬁereby reducing the driving forces which tend to cause motion. It is
realized that change in the geometric shape of the embankment will present :
difficult construction probiems. However, it is recommgnded that such a
change be made to permit stability in the future embankment.

In our studies, we have analyzed two different methods of slope
correction. In gur initial plan, it is recommended that the top 17 feet
of the outside slope of the present embankment be flattened to a slope of
approximately two and one-half horizontal to one vertical. TFrom the data -
presently available, it ié anticipated that such a cut will not penetrate
into the undérlying éypsum materiais. The material taken from the cut may
be utiliied in building on top or to the inside face of the present embank-
ment. A typical cross section showing the existing embankment and the
proposed new configuration is presented on Plate 3-A, Typical Cross Section -
Plan A. The embankment, if corrected in accordance with these recommendations,
will posses a factor of safety oh the order of 1.2 against a sliding-type
failure.

oAMES 2 MODRE

APPLIED FLE"w SCIENCES



b -
An slternate method of correction is presented on Plgte 3-B, Typical
Cross Section - Plan B. In this plan, it is recommended that the top 10 feet
of the outside slope of the present embankment be flattened to a slope
approachihg three horizontal to one vertical. The embankment materials
resulting from such a cut .can be pushed down to the toe of the embankment.
The additional weight at the toe will eid materially in the stability of the
embankment. However, such a plan will be dependent on the lateral dimension
of the property which is available to the J. R. Simplot Company. It is
anticipated that a minimum lateral distance of 10 feet from the toe of the
present embankﬁent will be required for this plan. It has been computed
that this plan will provide for a factor of safety on the order of 1.2
against a sliding-type failure.

Ease of construction will probably necessitate the plan which will

- be utilized to correct the existing embankment. Either plan recommended will

be satisfactory from a stability standpoint.

FUTURE EMBANKMENT DESTIGN:

After correction of the present embankment'slope is accomplished,
it is recommended that a slope of three horizontal to oﬁe vertical be
utilized for the outside slope of the future embankment. Our studies were
directed toward the utilization of either natural soils from the adjacent

foothills or gypsum from the existing pond for this construction. Hovever,

"based on the results of our laboratory tests and engineering analyses, it

is concluded that the natural soils exhibit more predictable strength,
consolidation, and permeability characteristics, and can be placed more
readily than the gypsum. Thus, in our discussions with engineers from the
J. R. Simplot Company, it was recommended that the natural soils be utilized
for the future perimeter embankment. Ouf analyses has been directed toward

the utilization of the natural soils.

O
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It is recommended that the”future embankment be mechanically. .
placed and compacted in layers. Thé function of compaction is primarily
that of making the cover material more stable against winé and rain water
erosion than would otherwise develop from loose dumping. With the use of
a three-to-one slope, compaction control is not critical to stability.
Recommended specifications for the placement of the future embankment mater-
ials are outlined in Appendix C of this report. These compaction require-
ments are not severe and can be readily obtained by reasonable care on the
part of the contractor.

ﬁe have analyzed the level of safety from the standpoint cf a
sliding-type -failure for an additional 100-foot-high embankment. A com-
puted factor of safety on the order of 1.2 is attainable with a slope of
three to one. This factor of safety is dependent upon maintaining the sur-
face of the ponded water at a minimum distance of 150 feet from the edge of
the slope. If this distance is maintained, it is anticipated that leakage
through the embankment will be inconsequential in amount. i

From our discussions, it is understood tﬁat the embankment will
be constructed in énhu&l stages of epproximately 10 feet in height. Tbe
gypsum tailings will be discharged until the pond is essentially filied and
enother embankment stage will be constructed. The possibility of slides
into the tailings pond during the construction stage when equipment is oper-

ating on the inside edge of the embankment has been investigated. A factcer

of safety against sliding of 1.5 is maintained if slopes are not steeper

than one and one-half horizontal to one vertical for the 1C-foot height.
It is considered that this slope is the angle of repose of the natural
soils. These findings are based on average conditions for gypsum that has

been drained. Operators of equipment shoﬁld be alert for minor pockets of

oDARMES C MOORE
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soft material which can be resolved by use of flatter slopes over soft i o
sections. ;_
3 o0Qo
| O
The following Plates and Appendices are attached and complete'
this report:
Plate 1 - Map of Area I
Plate 2 - Plot Plan
Plate 3-A - TDypical Cross Section -~ Plan A
Plate 3-B - Typical Cross Section - Plan B O
Appendix A -~ Field Explorations and Iaboratory Tests
Appendix B - . Historical Skeﬁch of Gypsum Storage Pond
Appendix C - Suggested Specifications for Placing Embankment C
: Fills
Respectfully sdbmittéd,
DAMES & MOORE o

N
/){ Caevinrs L(\/l é""//(ﬂd

Warren D. Curtis
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3 FUTURE DiKE SECTION
| TO BE CONSTRUCTED
REMOVE AND FROM BORROW MATERIAL
PLACE
CLE\quoot\A \ ________________‘_______

DIKEN BUILT OF BORROW MATERIAL 100" APPROX. I-62
ELEV. 130.02y ~

: =y
F BOR MATERIAL 8-0" apPp -
ELEV.12202 ~ DIKE BUILT OF BORROW ERIAL 8-0" APPROX.7-60

~

DIKE BUILT OF BORROW MATERIAL 9.0 APPROX. |-59
ELEV. N30~ v :

OIKE BUILT OF BORROW MATERIAL 10-0° APPROX. 4-58
ORIGINAIE GROUN‘D LEVEL .
—103.0 APPROX:

1955 TO 1957 PUMPED GYPSUM
INTO GRAVEL PIT &ND DOZED
OUT EACH YEAR

/BOTTOM OF GRAVEL PIT 730 APPROX.

REFERENCE-

SECTION TITLED, "HISTORICAL CROSS SECTION WEST AND NORTH
WALLS GYPSUM POND DIKE 1955 TO 1962 TAKEN FROM PRINT NO. K101,
BY THE J.R SIMPLOT CO., DATED 4.29-62,AND TITLED,"CONVE YING
AND STORAGE DIVISION SECTIONS GYPSUM STORAGE POND DIKE 19627

TYPICAL CROSS SECTION
PLAN A

FEET
105 0 10 20 30 40 SO

P N
vy |
ro |

= -

130" MINIMUM

PONDED
WATER
<
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ASSUMED ANGLE s
AssumED o ELEV.U3 0T ~

100"

FUTURE DIKE SECTION
TO 8E CONSTRUCTED
FROM BORROW MATERIAL

REMQVE TO TOE
of ENBANKHE'?-

ELEV. 400%™

DIKE BUIL™ OF BORROW MATERIAL 100" APPROKX.1-62
ELEV. 130.00y

OIXE BUILT OF BORROW MATERIAL 80" aPPROX 7-60

\ DIKE BUILT OF BORROW MATERIAL 9.0 aPPROX. 1-59

DIKE BUILT OF BORROW MATERIAL 10-0" APPROX, 4-50

1955 TO 1937 PUMPED GYPSUM
INTO GRAVL1L PIT AND DOZED
OUT EACH YEAR

/EOTTOM Of GRAVEL PIT 73.0 APPROX.

REFERENCE-

SECTION TITLED, “HIS TORICAL CROSS SECTION WEST AND NORTH
WALLS GYPSUM POND DIKE 1955 TO 19627 TAKEN FROM PRINT NO. K-10l,
BY THE J.R SIMPLOT CO.DATED 4-25-62,AND TITLED,"CONVE YING
AND STORAGE DIVISION SECTIONS GYPSUM STORAGE POND DIXE 1962°

TYPICAL CROSS SECTION
PLAN B

FEET
05 O 10 20 30 40 50

[ 4 N -

Jrtonsin

=172

130" MINIMUM

PONDED
WATER

—_—— (2
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T APPENDIX A

FIELD EXPLORATIONS AND LABORATORY TESTS

*
' FIELD EXPLORATIONS
' g The subsurface soil conditions at the site were explored by drilling
@ ::: seven test borings to. depths ranging from 20 to 57 feet below the ground sur-
E. face. Six of these borings in the embankment and tailings pond area pene-
g. trated into the underlying sand, grével and boulder formation. In addition,
e _ 11 hand auger borings were a}.so drilled.
i Undisturbed.samples of the various soils penetrated were obtained
; utilizing the Dames & Moore.Soil Sampler illustrated on Page A-I. In addi- )
® g tion, loose bulk samples of the various soils were obtained from the hand -
¢

, auger borings. The soils encountered in the borings were classified in the )
field by visual and textural examination and the classifications were verified
by further inspection and testing of the samples in the laboratory. Graphi-
~cal representations of the soils encountered in the borings are shown on
Plates AQIA through A-1G, Lo‘g of Borings. The nomenclaturé ufilized to
clessify the soil types is described on Plate A-‘2, -S0il Classification Chart
axid_ Key to Test Data.

Ground surface elevations are presented above the log of each test
boring. These elevations were provided to us by the engineering staff of

the J. R. Simplot Company.

LABORATORY TESTS

The physical characteristics of the soils encountered at the site

wvere determined in & series of laboratory tests on samples obtained during

our field explorations. These tests include triexial compression tests,

direct shear tests, consolidation tests, compaction tests, percolation tests,

OAMES £ MOORE
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rarticle-size determinations, and moisture and density determinations. ‘The

test results are presented in the appropriate sections of this Appendix.

This Appendix contains information on the methods utilized in performing

the various tests.

STRENGTH TESTS:

<.
™
]
1

v Triaxial compression tests and direct shear tests were performed

K
{
T
v

on selected soil samples to determine the strength characteristics of the

various soil strata encountered in the borings. The results of the strength

tests, and the associated moisture and density detenminationé, are presentéd

to the left of the log of Borings in the manner described by the Kéy to Test
- Data shown on Plate A-2. The tests were pérformed as follows:

Triaxial Compression Tests: Prior to testing, the samples to be

tested were saturated and consolidated at the designated confining préssure.
The samples, approximately two and one-half inches in diameter and five to
six inches in lengfh,_were extruded from the sampling rings and the ends
fitted with porous stones. Constant lateral air pressure, known as confining
pressure, was maintained around a thin rubber membrane in which the sample
was encased. The dfainage lines connected to the cap and base were éealed
Yo prevent escape of water during the test. The samples were then sub jected
to axial deflecti§n at a constant rate, and the resistances to éompression
in the soil were measured. Sfress-strain curves for each test were dravn
from which the yield point resistances to compression were obtained. For
each type of soil tested, a serieé of Mohr's Circles, one for each fest,

vwere plotted on common axes. The relationship of shear stirength to normal

i pressure was then obtained from the strength envelope of the-appropriéte

i Mohr's Circles.
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" 'Direct Shear Tests: Direct shear tests were also performed on

selected undisturbed soil samples to determine the strength characteristics
of the various soil strata. The tests were performed in the manner described §
on Page A-II, Method of Performing Direct Shear and Friction Tests. The

tests were performed at field moisture and at saturated moisture conditions

to determine the effect of saturation upon the strength characteristics of

the soils. Furthermore, the tests were performed at surcharges (pressure
applied normal to the ends of the sample) corresponding to the approximate
veight of the overburden pressures encountered in the fieia. A load-deflec-
tion curve was plotted for each test and the shearing strength was determined
from this curve.

In addition to the direct shear tests performed on the undisturbed
soil semples, test§ were also performed on compacted core samples of the
various materials. The core samples were compacted to 95 per cent of the
maximum density attainabie as determined by compaction tests. . These tests
vere performed at opt;ﬁum and saturated moisture conditions and under various:
surcharge pressures to determine the angle of internal friction of the soils.
The results of the direct shear tests perforﬁed on the compacted core samples
are presented on Plates A-3 and A-4, Compaction Studies.

CONSOLIDATION TESTS:

In order to provide data for the determination of settlement of
th Proposed Embankment, consolidation tests were performed on ;epresenta-
tive undisturbed and compacted core sampies. The core samples were compacted
to 95 per cent of the maximum density attainable as determined by compéction
tests. The tests were performed in accordance with the Method of Performing
Consolidation Tests described on Page A-III of this Appendix. The samples

were saturated prior to testing. The results of the consolidation tests

OAMES € MOORIE
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performed on compacted core samples are presented on Plates A-3 and A-l,
The results of the tests performed on undisturbed soils are presented on
Plate A-5, Consolidation Test Data.

COMPACTION TESTS:

In order to study the compaction characterisﬁics of the on-site
natural and gypsum scils, compaction tests_(Modified A.A.S.H.0.¥ T 180-57
Method) were performéd on selected bulk samples. The tests weré performed
in the manner described on Page A-IV, Method cf Performing Compaction Tests.

The results of the compacticn tests are presented on Plates A-3 and A-L.

" PERCOLATION TESTS:

In order to study the permeability characteristics of the on-si#e-
natural and gypsum soils, percolation tests were performed on representative
undisturbed and compacted core samplés. The core samples were compacted to
95 per cent of the maximum density attainable as determined by compaction
tests. The tests were performed in accordance with the Method of Performing
Percolation Tests described on Page A-V of this Appendix. The results of

the percolation tests are as follows:

' Percolation Rate
(Expressed in
Feet TFer Year

Under a Hydraulic

In-Place
Undisturbed
or Compacted

Sample Core Sample Scil Type Gradient of One)
Boring 3 at 8' In-Place Lt. zray silt (gypsum) 675
Boring 7 at 4' In-Place Lt. brovn silty loam 2
Bbring D¥* Compacted Core Lt. gray silt: {gypsum) 4o
Boring D Compacted Core Lt. gray silt (gypsum) 50
Boring K Compacted Core Lt. brown silty loam 3

% ¥¥This test was performed utilizing acid water obtained

*¥American Association of State Highway Officials

from the gypsum pond.
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' PARTICLE-SIZE ANALYSES:

To determine particle-size gradation,sieve and hydrometer tests

-t Y e A

vere performed on the various materials. The tests were performed in accor-
dance with the standards defined by the A.S.T.M. under Designation D L422-S4T.
The results of the hydrometer tests are presented on.Plates A-6A, A-6B,

and A-6C, Particle-Size Distribution.

MOISTURE AND DENSITY DETERMINATIONS:

In addition to the moisture and density determinatioﬁs which were
performed in conjunction with the strength and consolidation tests, moistﬁre
and density determinations were aliso performed on additional_seleéfed samples.
The tests were performed to provide data for correlation befween soils at
various depths and in different borings. The results of these testé are
presented to the left of the Log of Borings. |

o0o

The following Piates are attached and complete fhis Appendix: 2
Plate A-1A -~ Iog of Borings (Boring 1)

Plate A-1B - Log of Borings (Boring 2)

Plate A-1C - 1Iog of Borings (Boring 3)

Plate A-1D - Iog of Borings (Borings 4 and 5)

Plate A-1E -~ ILog of Borings (Boring 6)

Plate A-1F - Log of Borings (Boring 7)

FPlate A-1G - Iog of Rorings (Borings A, B, C, D, E, F, G, H,
K, L, and M)

Plate A-2 -« Soil Classification Thart and Key to Test Data

Plate A-3 - - Compaction Studies, Light Brown Silty Ioam
(Natural Soils)

Plate A-4 - Compaction Studies. Light Gray Silt (Gypsum)

T . .
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Plate A-5 - Consolidation Test Dafa
‘Plate A-6A - DParticle-Size Distribution
Plate A-6B -~ Particle-Size Distribution

Plate A-6C

Particle~Size Distribution
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DEPTHIN FEET

BORING | . ..

SHEARING STRENGTH AND FRICTIONAL
RESISTANCE IN LBS /SQ.FT.
1000 6000 3000 4000 3000 2000 1000 © ELEVATION 1408
| s00-88<d-04 ] LAGHT BROIN SILT Y LOIM W TH SOME SCATTERLD
io.ox-«one..ex-soo CRIVEL AND FINE SAND
. 220%-102 -1 1L.0%- SO0 BEERERX
1000110.0% - 100 EnEE—— .
(] z:l.s't.-'oo-:o.o'/.-loool_ﬁ
. 23.4%-97-20.6%-1500 SCWXI TRACES Of ORGUNIC MATTER
GRADING DARK BROWN iV COLOR
274%-92-27.2% - 2000 AR IO NN
20
2 16 0% HO-19.0% - 2300 TR R R R SR R . FoleTd s 0% e s ax )
)
M [wn[pura ¢4.12-62
AY
3000-27.2% -90 DI 8\ .
»
DARK BRAWN SILT WITH TRACES OF OREANKC AILT TER
(ROS3I8LY OYPIL/s)
T1.5%-6
35
55.0%-67 -380%- 300 BT P A S AT XA TR R AR = X B R R R R R R R i R R S F KR
@0
LENSES OF BROWN SILTY LOMMS
$3.5%-T¢
43 BROWN FINE TO COIRSE 34M0, SRAVREL ANO COBBLLS
BORIMG COMPLETED #6-02
0

LOG OF BORINGS
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DEPTH IN FEET

BORING 2

SHEARING STRENGTH AND FRICTIONAL
RESISTANCE IN LBS./SQ. FT.

7000 €000 000 4000 3000 2000 1000 0 ELEVATION 139.7
. ] CGHT BROWN SILTY LOSM (LOOSE FILL PLUCED FOR
SN\ DR/ LIS £QnmatENT)
\\\‘
NN
\\
N
Q
S N\ Q
N
N
NN .
;:5 7 A PPROXIMATE END OF LOOBE FILL
500-16.0% -nooﬁ [ ] ;\\\\' LIBHT BROWN SILTY LOAA WITH SOME SCATTERED
10 22.8%-100-16.0%-300! &Y seaver
N
GRADING DARK BROWN I COLOR
N
b\:
4LO%- 79-37.0%-1000 T XTXEXTREZRYO00Cr] @ 13
15 k.\
\U
\c
N
R
-~
1000 «17.3% 113 [ -\\1
20 18.2% -4 347.3%~1000 b
'i
\\
N
20.0% - 98- 23.0%- 1300 X XFY 7R @ *\‘\
# : BN (WAYER CEVEL 4-10-62
\\‘
O
R000-27.5%-52 Snmm— 1 [\
30 N
N
E DARK BROWN SKT WITH TRACES OF ORCANKE AMAT IER
(POSSIELY GrPSUM)
2500-49.3% -75 INEESREN
3s -
LENSES OF BROWN SILTY LOaM
3000 -70.7%-6! Vi
@ BROWN FINE JO COSRSE SAND, GRAVEL, AND
Cassles
45
BORINMG COMPLETED 4-8-62
30

BORINGS
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OEPTH IN FEET

T - BORING 3 S

SHEARING STRENGTH AND FRICTIONAL
) RESISTANCE IN LBS./SQ.FT.
éooo 6000 5000 4000 3000 2000 1000 0 ELEVATION 132.4
. 200-37.3% -32 L] LICHT GRAY FINE SAND WITK STREAKS OF SILT (6YPSUM)
80.0%-52-37.3%-%00 LIONT Casy ST
STREANS OF DIRA’JEDNNJ/LI'YIOIM
s 69 0%=54-60.0%- SOOLXXIY] )
GRADING SOME FINE SAND
98.4%-46.98.4% -1000 N -
[[] STV LOAM
[bwr[ﬂ LEVEL 4-9-62
86.2%-50-69.0% 4 300 K]
5
89.3%-51-90.0% - 1700 ICRCEC NN
20 TRALES OF ORGINIE MITTER
59_0"-62-6‘.0-‘.200n;_ 0.0 00 00NN FR N6 0N AN
N BROWN FINE SANOY LOUAC
900%-47
2%
SN BROWN SILTY LOAIM
91.6%- 511 @R N\
30 N\\'
N ~
N\
N
[
N
N
28 \\ \
=N
92.0% 52| mN\>
R AN
N
N )
N
40 N
€6.2% €2 I;\ o END OF GYPSUM FILL
N\ J 1i647 BROWN SULTY LOIM
BROWN FINE TO COARSE SAND, GRAVEL AND
COBBLES
as
50
55
BORING COMPLETED &-4-62
60

LOG OF BORINGS
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BORING 4

SHEARING STRENGTH AND FRICTIONAL
RESISTANCE IN LBS./SQ.FT. ~

'lcooo 6000 5000 4000 3000 2000 1000 0 ELEVATION 140.7
SN £/GNT BROWN SILTY LOAM (LOOSE FILL PLACLD FOR
NN} OR/LLINE £QLIPMENT)
N X
N\
N
N
NN
s N
N
NN .
AR
N\ or ENO OF LOOSE FILL ~ SURFACE OF G YPEUM POND
LONT GRAY SILT (6P Sal) -
500-39.3%-7
0 48.5%-72-300%.
STREAKS OF BROWN AND GRAY S/LTY LOds
GRADING DARK BROWN IN COLOR
50,0-‘.55.64,00‘.|5°°§fﬁ7- 1,9,8.0.0.9.0.0.0.0.0.0.0.0.9.0 4
‘s
$7.1% -6 4-35.0% -1000 LW X]
20
28.4%-92-26.0% -2000 MO
25
1
74.5%-55-62.0%-2500 N N X N M W N M &
30 GRADING MORE SAND
BROWN SRTY LOAM
N
N
[ N
™ al W\
L LH >
z N
= \
x AN
E ~
N
g AN
40 \\
N \., £~o o crosun sri¢
\} cxinr grown sitrv casne
BROWW FINE T COIRSE SONO, GRAVEL ANO COBBLES
BORING COMPLETED #-/0-62
as NOTE: EROUND WATER MOT ENCOUNTERED
ELEVATION 160.3
° 19.1%-99] W N N] L/HT BROWN S/LTY LQaM WiITH SOME SCATTERED
. GRAVEL
A \\
-~
N
9.2%-89| w2
S <
y
Al
N
N
- ‘*
o 9.4%- 95| WIS
[ »
N
%
"N
bl
"\
3
65%- 09| @[ N\Y
15 ¢
Ca
N\
N
N
)
0%~ A
20 s0% 53] BORING COMPLETED 4-9-82

WNOTE: GROUND WATER MOT £ENMCOUNTEREDR

LOG OF BORINGS
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DEPTH IN FEET

SHEARING STRENGTH AND FRICTIONAL
RESISTANCE IN LBS. /SQ.FT.

'BORING 6

7000 6000 5000 4000 3000 2000 1000 0 ELEVATION 140 ¢
S Lo 0] LIGNT BROMN SILTY LOUM WITH SOME SCATTERED GRAVEL
N
34
[ ]
3 h \
O
N
PN
\
[N~
20.0% 102 8.0%-1000 LI
10 XN .
\
\
AN
N
2633 LIGHT GRAY SILT WITN STREAKS OF DARK BROWN
) 1560-40.0%-6 A $/L7v LOsAs (POSSIBLY GrosUM)
2000-75.0%-
20 DORK BROWN SILTY LOLAS
2500-72.5%-59.7
2s
DURK BROWN SILT WITH TRACES OF ORGANIC AMATTER
30
WATER LEVEL 6-12-02 <
20aRK BROWN SILTY L OLA4 WwiTw PATCHES OF DARK
3500-79.5%-55.7 EEm— BROWN SILTY ELAY LOAM
35
..
a0
a3 BR FINE TO COMRSE SAND, GRAVEL AND COBBLES
BORING COMPLETED £-/0-62
%0

LOG

OF BORINGS
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DEPTH INFEET

BORING 7

SHEARING STRENGTH AND FRICTIONAL
RESISTANCE IN LBS./SQ.FT

Booo €000 5000 4000 3000 2000 1000 0 ELEVATION {40.1
L] }] caswr BROWN SILTY LOAAL WITH SOME SCATTERED
GRavEL
s . C
]
10
LAY GRAY SILT WHIH STREAKS OF DARK EAOWN
SILTY CLAY LOMN (POSSIBLY GYPSUAL)
T2.4%-
" 24%-ss|@ C
DARK BROWN EILTY LOMAM WITH STREAXS OF DARK
BROWN LLTY CLAY LOAM
80.5%-5518
20 %-9
N
2000-78.0%-3 s ommmpnant @ [\ NUTERLEVEL 4-22-02 C
25 - =
T76.0%-49-90.0% ~ £000 SRR IS I [
0 [
TRACES OF ORGANK MATTSR
3000-909.2% - $ 4.3 SIS
3 L C
BLACK SILT Y CLAY LOAM ﬂ
a
40

BROWN SILTY LOMM WITH STREANS OF BLACK
STy €LAY LOAM

s ' : . C

S0

BLACK BILTY CLAY LOUM WITN STREAKS OF

X BROMY SILTY LOSM
\
53 @
BXETS BROWY £/ TO COMRSE 8n0, CRAVEL ANO COBBLLS (.

AORNMS COMPLETED 4-7/-82

60

OO0

00

LOG OF BORINGS
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DEPTH
IN FEET

DEPTH
IN FEET

DEPTH
IN FEET

DEPTH
IN FEET INFEET

DEPTH

BORING A

ELEVATION 139.7
S\N\] £/OHT BROWN SILTY LOAM
N\

§ _

BORING C

ELEVATION 132.4
XY Z/GNT GR4Y FINE SAND WiTod STREAKS OF SKT (8PN
LAOHT GRAY ST

STREANS OF DARK BROWN SILTY LOSM

BRLOING BROWN & COLOR

LAONT GRAY SILT WITN LENSES OF LIGNT AND DARK
SRAY SILTY LOAM (SYPSLM)

DEPTH

LIGHT GRAY SILT WITH LENSES OF LISHNT AND DARK
J GRAY FINE 3AND SND SILTY LOAM(SYPSULM)

K WATER LEVEL 4-12+02

BORING K

BORING M

ELEVATION 1401

BORING B

ELEVATION 140.5

4] -
- N] LIGHT BROWN SILTY LOLM WITH SOME SCATTERED
W o] 6Raver aNO FinE S0 . . S
w
w
z AN
5
o LIGHT GRAY SILT (6¥P3UM)
-
Euw .
a W LENSES OF LIGHT AND DARK GRAY SILTY LOasM
w
oz
3
I
- o TCIGNT GRAY SILT WITH LINSES OF LIGAT AND DARK
Tw BRay SILTY LOAM (SYPIUM)
-w
&' [
oz -
S
o TS WaATER LEVEL 4-12-67
- LIGHT GRAY SiLT WITH LENSES OF GRAY SILTY
E g LO4M AND FINE SAND (GYPSUM)
w ('S
oz
5
0 ELEVATION 140.4
- LISHT BROWN SILTY LOMAS WITN SOME ECATTERED
<
xh JJ soaver ,
Tw
W w
oz *N
5

(=]

s\ SRaveL

KN

DEPTH
IN FEET

w

LOG OF

3 LISHT BROWN SILTY LOAM WITH EOME SCATTERED

BORINGS
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soiL PARTICLE  SIZE
w00 FRACTION 7 77
€T — M:asdf"m
50 ST pLos} poor} o3 § ooz
/L o m, | 2|z 5| 2
C/_ASS/F/CAT/ON 90, \ coanse M—’ lw‘r:ns 20 mn
CHART Fracrion | S, e e
P T ti rx 7
80 SOROEAS 236, 1

SOASESS SANS NN AN
B vuovatuuvialeweg OO R SRR
““‘A“‘v““‘A“‘ . “‘\“'-“'-—“‘ A 2
- N N JAN £
[ SANDY CLAY LoaM AROCOORVOTONTS, SATY (LAY LOAM <\
20 AAYAARLLSTAD QYA AR A AR AR AR A A A DTSR N ARG
NPAY Y/ \V, Y, V XN X V

90 80 E) 60 50 40 30 20 © 0
PER CENT SAND
{PERCENTAGES GIVEN ARE BY DRY WEIGHT

KEY TO TEST DATA

OIRECT SHEAR TEST DATA
‘TESTS AT TESTS AT ARTIFICIALLY

FIELO MOISTUR. HA
. LO moisTY grtsr SURCHARGE PRESSURE ¥ POUNDS PER SOUARE FOOT CHANGED MOISTURE

PER CENT FIELO MOISTURE EXPRESSED AS A PERCENTAGE OF THE ORY WEIGHT OF SOIL
DRY DENSITY EXPRESSED oY POUNDS PER CUBIC FOOT
-{ PER CENT MOISTURE WHEN TESTED EXPRESSED AS I
—_—
2500 - 204%-1001 A PERCENTAGE OF THE DRy WEIGHT OF SOR 284% —104.2-20.4 %2500
L

TRIAXIAL COMPRESSION TEST DATA

RS TR AR LIS

SOIL CLASSIFICATION CHART
AND
KEY TO TEST DATA
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COMPACTION TEST DATA

BORING B : BORING K
MOISTURE CONTENT IN PERCENT OF DRY WEIGHT MOISTURE CONTENT IN PERCENT OF DRY WEIGHT
'S - 10 s 200 25 : oo T s T Tos 20" 25
120 T Y T 120 — —— T
. MAXIMUM DRY DENSITY: 116 LBS./CU.FT. I MAXIMUM DRY DENSITY:117 LBS./CU.FT.

: 3

j -~

Q o N

g1o Do

- =z

z \ > / \

> =

.__ Ll

7 Z

Z100 Wioo

o >

x 8 .

(=3

o OPTIMUM MOISTURE CONTENT: 13.0% OPTIMUM MOISTURE CONTENT: 12.5%
? NOTE: THIS COMPACTION TEST WAS PERFORMED IN ACCORD - 9cn01£: THIS COMPACTION TEST waS PERFORMED N ACCORD-

ANCE WITH THE MODIFIED A.A.SH.O.(TIBD-5T) METKOD OF ANCE wiTH THE MODIFIED A.A.S HO.(TISBO-57) METHOD OF
COMPACTION. B COMPACTION.

SHEAR TEST DATA

SHEARING STRENGTH IN LBS./SQ FT.

GO 500 1000 1500 2000 2500 ~
\ T e |
@ SOILS SATURATED wiTH TAP WATER
\ @ SOILS SATURATED WITH ACID WATER
500 -
*\,>-VALUES CONSIDERED
IN ANALYSES
1000 @

\ .

[

o

Q
=]

NORMAL PRESSURE IN LBS./SQ.FT.

g

2500
NOTE: THESE TEST SAMPLES WERE PREPAREDIN THE LABORATODRY BY
COMPACTING SOILS TO 95% OF THE MaXIMUM MODIFIED A.4.SH O (T180-57)
DENSITY. THE SAMPLES WERE SATURLTED PRIOR TO TESTING.

CONSOLIDATION TEST DATA

PRESSURE IN LBS./SQ. FT.
8 8 8 8 3 g g §

[

4000
5000
6400

+00I
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NOTE THIS SAMPLE wasS PREPARED IN THE LABORATORY BY COMPACTING SOILS TO 95%
OF THE MAXIMUM MODIFIED A &.5.HO.(TIBO-57) DENSITY. THE SAMPLE WAS SATURATED
PRIOR TO TESTING )
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DRY DENSITY
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COMPACTION TEST DATA
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€0 1 ! | €0 ] 1 1
NOTE . THESE COMPACTION TESTS WERE PERFORMED IN ACCORDANCE
WITH THE MODIFIED A.4 5.H.0.{T180-57) ME THOD OF COMPACTION.
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NOTE: THESE TEST SAMPLES WERE PREPARED IN THE LABORATORY BY COMPACTING SOILS TO
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OF THE MAXIMUM MODIFIED A A.SH.O(TIBO-ST) DENSITY. THE SAMPLE S WERE SATURATED PRIOR

TO TESTING.
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NOTE: THESE SAMPLES WERE PREPARED N THE LABORATORY BY COMPACTING SOILS TO
95% OF THE MAXIMUM MODIFIED 4.4 S HOATIBO-57IDENSITY. THE SAMPLES WERE
SATURATED PRIOR TO TESTING.
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BORING | AT 4' LIGHT BROWN SILTY LOAM
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BORING 4 AT 14' LIGHT GRAY SILT (_GYPSUM)
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LIGHT GRAY SILT(GYPSUM)
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DRIVING OR PUSHING
MECHANISM

COUPLING

WATER OUTLETS

NOTCHES FOR

ENGAGING
FISHING TOOL/-’/z

NEOPRENE GASKET —

HEAD\

NOTE:

“MEAD EXTENSION® CAN
BE INTRODUCED BETWEEN
“HEAD®™ AND "SPLIT BARREL"

SPLIT BARREL  -...
{TO FACILITATE REMOVAL
OF CORE SAMPLE)

—]

BIT \\

‘./

—-

} CHECK VALVES

VALVE CAGE

T~ SPACE TO RECEIVE
DISTURBED SOIL

CORE-RETAINER
| RINGS

(2-1727 0.D. 8Y 1* LONG)

CORE.RE TAINING
{ ———— DEVICE
RETAINER RING
_——""REVAINER PLATES
(INTERCHANGEABLE WITH
OTHER TYPES)

SOIL SAMPLER TYPE U

FOR SOILS DIFFICULT TO RETA(IN IN SAMPLER
U. S. PATENT NO. 2,318,062

ALTERNATE ATTACHMENTS

SPLIT BARREL____ |

LOCKING ———
RING

SPLIT
FERRULE

THIN-WALLED
SAMPLING TUBE
{INTERCHANGE ABLE
LENGTHS)

DAMES C MOORE
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A-IT

METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHE ARING STRENGTHS-OF SOILS. FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS wOOD, STEEL, OR CONCRETE. THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE

ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE IS TESTED WITHIN THREE BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES H’I\! DIAMETER AND ONE INCH
IN LENGTH, UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE TESTED IN RINGS TAKEN FROM THE SAMPLING
DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DiIRecT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE 1S TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, IS APPL[ED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE 1S CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED.

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A
CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED., THE SHEARING STRENGTH OF THE SOIL

IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FricTiON TESTS

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANGE BETWEEN SOIL AND THE SURFACESOF VARIOUS
MATERIALS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE
MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

DANMES € MOORE
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A-TIT

METHOD OF PERFORMING CONSOLIDATION TESTS

Consolidation tests are performgd.to evaluate the volume changes of soils
subjected to increased loads. Time-consolidation and pressure-consolidation cufves
may be plotted from the data obtained in the tests. _Engineering analyses based on
these curves permit estimates to be made of the probable magnitude and rate of

settlement of the tested soils under applied loads.

Each sample is tested ;ithin a brass ring two and one—hélf inches in
diameter - and one inch in length. Undis-
turbed samples of in-place soils are tested
in rings taken from ihe sampling tool in
which the samples were obfained. Loose
samples of s80ils to be used in construct-
ing earth fills are compacted in rings to

predetermined conditions and tested.

In testing, the sample is rigidly

confined laterally by the brass ring. Axial

loads are transmitted to thé ends of the CONSOLIDATION MACHINES
sample by porous disks. The disks allow ' J

dfainage of the loaded sample. The axial compression or expansion of the sample is
measured By a micrometer dial indicator at appropriate time intervals after each
load increment is applied. Each load is ordinarily. twice the pfeceding load. The
incremenfs are selected to obtain consolidation data representing ihe field loading
conditions for which the test is being performed.. Each load increment is allowed

to act over an interval of time dependent on the type and extent of the soil in the

field.

Soils saturated in the field are tested submerged in water. The effect
of increased moisture content on partially saturated soils is determined by adding

water to the sample during the test.

oDAMES £ MOORE
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.of the earth structure or soil.

A-IV

METAOD OF PERFORMING PERCOLATION TESTS

The quantity and the velocity
of flow of water which will es- . :
cape through an earth structure
or percolate through soil are

dependent upon the permeability - LIS T . T ¢

The permeability of soil has

often been calculated by empir-

ical formulas but is best de-

termined by laboratory tests,

especially in the case of com-

pacted soils.

A one-inch length of the

core sample is sealed in the
percolation apparatus, placed
under a confining load, or sur-
charge pressure, and éubjected
to the pressure of a known head
of water. The percolation rate
is computed from the measure-
ments of the volume of water
which flows through the sample

in a series of time intervals,

These rates are usually ex-

pressed as the velocity of flow

APPARATUS FOR PERFORMING PERCOLATIONS TESTS

in feet per year under a hy- . . .
i ) Shows tests in progress on eight samples simultaneously.
draulic gradient of one and at ’
a temperature of ‘20 degrees Centigrade. The rate so expressed may be adjusted for any set of conditions involving
the same soil by employing established physical laws. Generally, the percolation rate varies over a wide range at
the beginning of the test and gradually approaches equilibrium as the test progresses.
During the performance of the test, continuous readings of the deflection of the sample are taken by means of
micrometer dial gauges. The amount of compression or expansion, expressed as a percentage of the original length

of the sample, is a valuable indication of the campression of the soil which will occur under the action of load or

the expansion of the soil as saturation takes place. -

DAMFS 2 MOORE
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A-V

METHOD OF PERFORMING COMPACTION TESTS
(STANDARD AND MODIFIED A.A.S.H.O. METHODS)

IT HAS BEEN ESTABLISHED THAT
WHEN COMPACTING EFFORT IS HELD
CONSTANT, THE DENSITY OF A , X
ROLLED EARTH FILL INCREASES .
WITH ADDED MOISTURE UNTIL A

MAXIMUM DRY DENSITY IS OBTAINED

AT A MOISTURE CONTENT TERMED

THE “OPTIMUM MOISTURE CON-

TENT,” AFTER WHICH THE DRY _
DENSITY DECREASES. THE COM- o
PACTION CURVE SHOWING THE RE-
LATIONSHIP BETWEEN DENSITY AND
MOISTURE CONTENT FOR A SPECIFIC
COMPACTING EFFORT IS DETER-
MINED BY EXPERIMENTAL METHODS.
TWO COMMONLY USED METHODS ARE
DESCRIBED IN THE FOLLOWING
PARAGRAPHS. '

Lgaera
i

iGN i

FOR THE “STANDARD A.A.S.H.O0.”
(AS.T.M. DG98-58T & A.A.S.H.O.
T99-57) METHOD OF COMPACTION A
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE
CONTENT IN THREE EQUAL LAYERS
IN A STANDARD COMPACTION CY-.
LINDER HAVING A VOLUME OF 1/30
CUBIC FOOT, USING TWENTY-FIVE

SOME APPARATUS FOR PERFORMINKG COMPACTION TESTS

Shows, from left to right, 5-1/2 pound rammer (sleeve
controlling 12" height of drop removed), 1/30 cubic-

12-INCH BLOWS OF A STANDARD 5-1/2 foot cylinder with removable collar and base plate,
POUND RAMMER TO COMPACT EACH and |0 pound rammer within sleeve,
LAYER.

IN THE “MODIFIED A.A.S.H.0." (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE 1S COMPACTED AT A SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF
1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH

:LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND

THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS.

FOR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING
THE KNOWN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE LOSS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE
WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE-

" DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION

CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM-
PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE.



APPENDIX B
HISTORICAL SKETCH OF GYPSUM STORAGE POND

(Submitted by the J. R. Simplot Company)

1953 and 1954

An o0ld gravel pit approximately 30 feet deep was divided into two
equal sections. Gypsum ﬁas placed first in one section and then the other.
In both cases, it entered the ponds at their southwest corners. During
these early days, the plant production was such that the two_ponds were
never completely filled until 1955.

1955 _

The same two ponds as mentioned in the above paragraph were used
alternately. When the ponds were nearly full, one pond was.used while the
other pond was allowed to set and dry. The dry pond was then excavated to
approximately the bottom of the original gravel pit. When the pond was
excavated, the gypsum would be diverted into it and the second pond would
be allowed to dry and be excavated. The gypsum was allowed to enter both
ponds near their southwest cormers. | |
1956

| The same procedure was followed as that of 1955,
1957
The same procedure was followed during 1957 as was followed in

1955 with the exception that a more comprehensive method of excavating was

used.
1958

Gypsum was deposited into the two ponds again from the southwest
corner. A 10-foot dike was constructed on the west, north, and east sides

of the gypsum pond from borrowed material. This would make the top of the

dike have an elevation of approximately 113 feet.

DAMES 8 MOORE
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1959
The gypsum pond was again operated as two ponds except that the

dividing dike was opened so that the two ponds behaved as one. The gypsum

. entered the gypsum pond at the west side. A dike 9 feet high was built from

borrowed material. The elevation at the top of the dike was approximately
122 feet,
1960

The gypsum pond was divided into two.separate ponds and the gypsum
entered these ponds from the west, north, and east perimeter, the object
being to keep the water to the south against the foothills and away from the
dike. The dike was raisednépproximately 8 feet with borrowed material.
The elevation of the top of the dike was approximately 130 feet. In October
of 1960, a failure occurred near the northeast corner of the dike. It was
the general opinion that the cause of the failure was water flowing through
a seam of gypsum, thus causing erosion of the dike.
Egél .

February of 1961 the phosphate rock calciner was put into operation.
Gypsum entered the two gypsum pondé on the west, north, and east perimeter,
again attempting to keep the water to the south against the foothills and
away from the dike. The dike on the east end of the pond was raised to an

elevation equal to the remainder of the pond and an extension to the pond .

was constructed on the southwest end of the pond. The main dike elevation

rémained-at approximatel&_l30 feet.
1962

Gypsum wés discharged into the two ponds from the west, north,
and east perimeter, again attemptiqg to keep the water to the south against

the foothills and away from the dike. The dike was raised approximately 10

DAMES £ MOORCE

gle)

ol




B-3
feet with borrowed material. The elevation of the top of the dike was
approximately 14O feet. 1In April of 1962, Dames & Moore, Consulting Soils

Engineers, started an investigation of the gypsum pond dike.

DAMES € MGCGOFRE
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APPENDIX C

SUCGESTED SPECIFICATIONS FOR PLACING EMBANKMENT FILLS

SCOPE OF WORK

1

The work under these specifications includes the furnishing of all é
labor, tools, materiasls and equipment necessary for the plécing of embank-
ment fills in accordance with the applicable plans and specifications.

FILL MATERIALS

Fill materials shall be obtained from sources as directed by the

Engineer or Owner. The materials will consist of natural silty materials

from adjacent foothills.

"COMPACTED FILL REQUIREMENTS AND PLACEMENT OF FILL

A1l embankment fills should be Qompacted to a dry aensity equal
to at least 85 per cent of the maximum density determined in accordance
with the Modified A.A.S.H.0.* (A.S.T.M. D 1557-57T and A.A.S.H.0. T 180-57)
Method of Compaction. This method is described on Page A-IV, Method of Per-
forming Compaction Tests. fhe maximum density and optimum moisture content
should be determined by the engineer on the baéis of tests on the material
to be used.

Compaction of fill layers in direct contact with soft gypsum
will not be possible. To provide a working surface, the gypsum should be
covered with approximately 18 inches of fill material before the beginning

of compaction operations.

The fill soils should be placed in successive layers of a thick-

"ness that will result in a compacted layer epproximately six to eight inches :

in thickness. If the soils are too dry, it will be necessary to add water
in & manner that will permit uniform penetration into the soils. Cultivation

or other methods may be required during the application of water in order

*American Association of State Highway Officials

DAMES £ MOQORLE
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to obtain & uniform moisture distribution. If the soils are too vet, a drying;

period will be necessary. Each layer of soil shall be subjected to sufficient

compactive effort to achieve the required density.
Compacting of the fill materials by ponding, flooding, or jetting
will not be permifted. Fill material should not be placed in water.

SOILS ENGINEER

The services of an inspecting engineer will Be supplied by the
Owner. The Engineer will be the respresentative of the Owner and shall
have the responsibility to determine whether the filling operations are

performed in accordance with the specifications.*

COMPACTION EQUIPMENT

The choice of compaction equipment is left to the discretion of
the Contractor; howevér, the equipment used must be adequate for échieving
the specified densities. It is.anticipated that the use of smooth-wheeled
rubber-tired compaction equipment will work well for the type'of soils to be

placed.

ACCEPTANCE OF FILL

The Engineer shall be responsible for the acceptance of the fill

'_material used by the Contractor. The Contractor should not proceed with

the filling operations until approval has been obtained.

Adequacy of compaction shall be determined by the Engineer on
the basis of in-place density determinations that are conducted while the
fill is being placed. The results of these tests shall be the basis on which

the satisfactory completion of the work is judged.

*If desired, Dames & Moore can instruct & member of the Simplot staff in
procedures appropriate to field checking.

DAMES £ MOORE
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; T PRIOR EMBANKMENT CONTROL

g Thé tailings pond has been déveioped in an area that at one time
iserved as a gravel pit. |
;; The perimeter embankment is constructed of materials borrowed from
' the hillside above the pond. A current borrow area is shown on the left of
; Photo 3 on Plate 4,

A typical cross section showing evolution in embankmené development
appears on Plate 6, Typical Cross Section. The plate was developed in conjunc-

tion with our 1962 studies. Prior.to 1962, the embankment had developed to

‘ Elevation 140 at the perimeter configuration shown on Plate 6.

On the basis of soil studies by Dames & Moore in 1962, recommenda-

tions were advanced to flatten the upper portion of the slope to 3 to 1 and to
z thereaftef continue at that slope. To control the sufface of ponded water, the
. recommendation was made to maintain the edge of water ponds at least 156 feet
iéfrom the inside edge of the perimeter.embankment, Effective control of ponded
Lwater by this criterion requires sufficient permeability in the gravel below

! the gypsum to permit water reaching the gravel through the gypsum deposit to

i drain from the pond area. Gravel normally provides permeability charscter-
Eistics that are appreciably in excess of this design requirement.

In the meantime, the embankment has been increased in height. The

recommendations have been substantially followed:

CURRENT PROBLEMS

EMBANKMENT FAILURE:

On April 29, 1963, soil displacement at the northwest corner of the
pond was noted by .plant personnel. Shortly thereafter, the displaced_sect{on
was examined more fully and causes evaluated by a representative from Dames &

Moore.

DAMES £ MOORE
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!grades, tailings positions of ponds can be maintained at desired locations.

Objectives of '"B" Water Control. 1If the discharge spigot is maintained

jat a given location for a sufficient length of time, a ground water mound builds

:up below the spigot. If the mound is not permitted to dissipate, the mound can

I be damaging to the embankment. Essentially, our studies indicated the need for

i

control of such mounds. =
!

From evaluation of permeability data developed from previous studies,

“the ground water pattern below a discharge spigot is expected to advance in the

manner shown on Plate 11A, Ground Water Section After One Day of Discharge, and
“Plate 11B, Ground Water Section After 15 Days of Dischapge. In general, rate
-0of the advance of the ground water downward would be on the order of one to two
feet per day.* After the level of "A" water is reached, the mound flows into
the "A" water system. After the spigot source is cut off, the mound gradually
. lowers to fhe level of "A" water. The period of time required for dissipation ;
would be approximately twice the period required for the ground water advance.
To avoid build-up of ground water mound, it is our recommendation
that:
1. The period of application at any given spigot point be no
longer than 15 days in. order to prevent excess build-up of
the ground water mound.
2. The period of absence of discharge from a given location be not
5 ' less than 30 days in order to permit the ground water mound to
dissipate,
; 3. The spacing between'points of successive applications of

spigots should be sufficient to prevent overlap of mounds.

*Thls rate reflects variations in meaSured permeab111ty rates of samples of
ithe gypsum.

DAMES £ MOORE
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?started on successive wells as soon as they are completed. OQutside of the

~failure zone, the observation should be directed to obtaining data on the rate

‘I1f the below-pond gravel in functioning as anticipated, the equilibrium level
‘will be below Elevation 105. If the equilibrium level is above Elevation 105,

. further methods of ground water control will be required.

-11-

As data are developed for the first well, observations should be

of rise of ground water at a particular observation location in relation to the

position of a spigot in that immediate vicinity. Similarly, the rate of lower-:

ing after removal of the spigot should also be observed.

é900 gallons per minute will have been lost through the pond surface. Decant-

;ing reduces the size of ponded areas that would otherwise develop. Neglecting

|

Control heights for ground water at locations other than the Preseﬁt
failure zone should correspond with a position not higher than 15 feet above
the toe of the slope on the downgrade portion of the embankment, or above an
angle of eight degrees with the horizontal, whichever results in the lowest
elevation, |

DRAINAGE CAPACITY:

As long as the drainage capacity of the gravel below the gypsum
deposit remains in excess of the drainage capacity of ‘the gypsum, se;page
through the gypsum will be in difect proportion to the pond area covered by
water. For the conditions shown on Plate 5, the total water area would be
considered as the A' and A'' ponds plus the minor ponds B', B'' and B''', plus

the area covered by the streams between the ponds. When the total area thus

covered exceeds the shaded area shown in the center of Plate 5, all of the

.rainfall and evaporation, all water entering the pond that is not decanted,

?drains through the bottom of the pond. Currently, decanted water is drained

into the Portneuf River.

DARIES © MOORE
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at the time need is established.

LONG-RANGE PLANNING

GENERAL:

As the pond increases in height, the "A" water ponds will cover

| areas that are not underlain by gravel, but which are underlain by silty soils

- that are less permeable than the gypsum. Accordingly, ground water from the

"A" ponds will follow the surface of the silty soils to drain into the present

pond area. That condition is now rapidly developing as the A' and A'' ponds

i are forced upgrade by the deposition process.

These trends in effect place free water ponds against natural gulley
embankments that were not initially developed by natural processes to serve

as dams to retain water. The effectiveness of such natural embankments in

: retaining water without failure will be dependent to a large degree by ground

“ configurations and soil profiles at pond locations. Because of these considera-

tions, details of long-range planning will be influenced not only by the current
working criteria for pond development, but also by the specific terrain

features on and near the area to be covered by tailings in the foreseeable

future. 1In view of these considerations, the five-step program as set forth

on Plate 2 has been daveloped for long-range planning.
Essentially, as soon as control of the present pond has been accom-
Plished, topographic data should be developed for the area to be covered by
the pond in the foreseeable future, All drainage channels immediately adjoin-
' ing the pond area should be mapped. A contour interval not greater than five
: feet is recommended. After a tentative layout has been made, a review by
%ADames & Moore-is reéommen&ed to detect any adjustments appropriate to conditions

!
I resulting from specific terrain conditions.

}
H
I
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The samples were tested at a surcharge pressure (pressure applied
normal to the ends of the sample) corresponding with the approximate weight
of overburden existing at the time of-sampling. Selected samples were also
tested at an increased surcharge pressure to determine the angle of internal
friction of the soils,

The samples were tested at field moisture content, Selected sampleé
were also tested at an increased moisture content corresponding to saturated
conditions,

A.load—deflection curve was plotted for each test and the shearing
strength determined from this curve.

The results of the shear tests, together with the associated moisture
and deﬁsity determinations are presented on the left of the boring logs in a
manner described on the Key to Test Data on Plate A-2. The data are summarizéd
on the lower portion of Plate A-3, Summary of Test Data, In-Place Soils,

CONSOLIDATION TESTS:

T

Consolidation tests were performed on selected samplgs to provide
data for determining the amount and rate,of settlement at this sité. These
tests were conducted in accordance with the Method of Performing Consolidation
Tests described on Page A-III. The results obtained are presented on the upper
portion of Plate A-3.

PERCOLATION TESTS:

To determine the rate of percolation of water through the in-place
soils, percolation tests were performed on selected undisturbed samples of the
in-place soils. The tests were performed in accordance with the procedure out-

lined on Page A-IV, Method of Performing Percolation Tests,
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Percolation Tests. To obtain and evaluate data regarding the imper-

viousness of the fine-grained soils, percolation tests were performed in the
laboratory on brepared cores of each type of soil. The cores were preparea
by compacting the sample to 85, 90 and 95 percent of the'maximum density de-
terminéd by the compaction method outlined above. Percolation tests were
pefformed in accordance with the procedure.outlined on Page A-IV in Appendix
A. The results of the tests are tabulated below. The data are expressed in
terms of surface drawdown in feet per year under a hydraulic gradient of one
for a temperature of 20 degrees centigrade.

Coefficient of

Percent Permeability in

Soil Type Compaction Feet Per Year (K)
Sandy Loam 85 27.8
Sandy Loam 90 ' | 20.3
Sandy Loam . 95 4.3
Silt 85 ' " 33.4
silt | 90 28.5
Silt 95 5.4

Shear Tests. To provide data to be used in determining the stability
of embankments, direct shear tests were performed on compacted cores of each
type of soil. The cores were compacted to 90 percent of the maximum density
previously described. Samples were tested at both optimum and saturated mois-
ture conditions., To determine the internal aﬁgle of friction of the compacted
soils, shear tests were perforﬁed at varying surcharges. The tests were per-
formed in accordance with the Method of Perfofming Direct Shear and Friction

Tests described on Page A-IL of Appendix A.



tabulated below:

Test Pit
Number

10

11

12

17

18

19

The results of the percolation tests on the in-place soils are

Depth

in Feet

5

4

Soil Type

Silt
Silt
Silt
Silt
Silt
Silt
Silt

Silt

Permeability Rate in
Feet Per Year (K)

163

6

87

218

158

191

123

208

The data are presented in terms of surface drawdown in feet per

» year under a hydraulic gradient of one at a temperature of 20 degrees centi-

grade.

o 0o

The following Plates are attached and complete this Appendix:

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

A-1A -

A-1B -

A-1G -

A-1H -

A-2 -

Log
Log
Log
Log
Log
Log
Log

Log

of

of

of

of

of

of

of

of

Borings (Boring 1)

Borings (Borings 2 and 3)

Borings (Borings 4 and 5)

Test Pits
Test Pits
Test Pits
Test Pits

Test Pits

(Test
(Test
(Test
(Test

(Test

Pits 1 through 4)
Pits 5'through 8)
Pits 9 through 12)
Pits 13 through 16)

Pits 17 through 20)

Soil Classification Chart and Key to Test Data

Summary of Test Data, In-Place Soils
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hST ABUTMENT CUTOFF - EAST DIKE:

Because of the fractured condition of the volcanic rock at the

;st abutment of the proposed East Dike, we recommend that a cutoff trench
: constructed to reduce seepage and to increase stability. The proposed
ﬂtoff trench is-shown in profile on Plate 4, Plan and Profile, East Dike,
];d is shown in section on Plate 6, Typical Section, Type 2. The maximum
ipth of the cutoff trench will depend on observations during construction
E;spectioﬁ. During our field investigation, a test pit was excavated in

19

R;quired depths for the cutoff trench should be achieved by ripping and

|
dozing without the use of explosives.

hATERIAL TYPES AND BORROW AREAS:
i
.horrow materials, Zone 1 and Zone 2 fill, as shown on Plate 6, Typical

The two dikes, East and West, will be constructed of two on-site

fSections.

Zone 1 fill will be the main impervious body of the fwo dikes

'
1
i

fand will also be compacted into the cutoff excavation of the East Dike.
JZone 1 material is a silt with trace fine sand. Grain size analyses

.qurves of Zone 1 material are presented on Plate A-4A through A-4C. Com-

{paction characteristics of the Zone

1 fill are shown on Plate A-5, Compac-

‘ tion Test Data. Borrow sources for Zone 1 fill are found throughout the
i 8ite. Proposed Zone 1 borrow areas are shown on Plate 3, Plot Plan.

Zone 2 fill will serve as upstream and downstream slope erosion
- Protection., A minimum of 12 inches of Zoné 2 fill will be required for

é erosion protection. Zone 2 fill is a coarse gravel and cobble mixture of

ONMMES £ MOORTERD

t%e abutment to.a depth of approximately 8 feet, with a tire-mounted backhoe.
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are shown on Plates A-4A through A-4C, Gradation Curves.

Atterberg Limits, To further aid in classifying the soils and

to assist in determining soil characteristics, the liquid limit, plastic
limit and plastic indexes of two selected soil samples were measured. The
tests were performed according to the ASTM designation: D423-66 and
D424-59 methods. . Samples from Test Pits 4 and 7 at a depth of 3.d.feet
were tested. Both were found to be non-plastic.

Compaction Tests. Compaction tests were performed on representa-

tive samples of soils takgn from test pits in proposed borrow areas. The
purpose of performing the compaction tests were to define the compaction
characteristics of these representative soils to be used in the construc-
tion of the proposed dikes. After compaction charactéristics were
determined, recompacted samples of these soils were made in our laboratory
to specifications that will be required for the construction of the dikes.
These regompacted samples were then subject to several tests as described
in the following paragraphs. The procedure used in obtaining the compaction
characteristics are described on Plate A-5, Method of Performing Compaction
Tests, Results of the compaction tests are presented on Plate A-6,
Compaction Test Data.

Percolation Tests. Percolation tests were performed on

representative undisturbed samples and on recompacted samples of soil
which will be utilized in the construction of the proposed dikes. Tests
were performed to provide data which were used in Fhe calculations of
surface runoff and the dissipation of surface runoff ponding. Tests were

performed in accordance with the method described in Plate A-7, Method of
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Performing Percolation Tests.

The degree of permeability is defined as follows: High - greater
than 100,000 feet per year; medium - 100,000 to 1,000 feet per year;
low - 1,000 to 10 feet per year; very low - 10 to 1 feet per year; and
practically impermeable - less than .l feet per year. Soils of high
permeability are rarely encountered, and practically impervious soils,
such as clays, are very common.

The results of the percolation tests are presented in tabular

form below:

UNDISTURBED SAMPLES

. Permeability
Test Pit Rate (K) in Degree of
Number Depth in Feet Soil Type Feet Per Year Permeability
2 5.5 ML 320 Low
2 3.0 ML 133 Low
3 5.0 ML 214 Low

v

RECOMPACTED SAMPLES

Permeability
Test Pit Percent Rate (K) in Degree of
Number Depth in Feet Soil Type Compaction Feet Per Year Permeability .
3 3.0 ML 90 8.5 Very Low
3 3.0 ML 89 4.7 Very Low
5 : 3.0 ML 90 21.7 Very Low
5 3.0 ML 89 31.0 Very Low

Consolidation Tests. To determine the amount of potential

settlement, expansion or classibility of the in situ soils at the site and

the soils to be used in the construction of the proposed dikes, consolidation

[ RS R U S A F R A
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TABLE A-1

PERMEABILITY TEST RESULTS

Material Dry Density (pcf) Permeability (cm/sec)
Gypsum Slurry 56 vo: | [:8x10'5 . -
\ Calciner Clarifier 63 C T4x1076 - veod
Conda Mud ) 89 zent L 2x1077

As shown, the test results indicate a relatively wide range of permeability

characteristics with the gypsum tailings being the most free draining.

TRIAXTAL COMPRESSION TESTS

A series of triaxial compression tests were performed on representative
samples of the Conda Mud in accordance with the general procedures presented
on Plate 3. This material was selecfed for the testing as a "worst case'" con-
dition based upon the results of the index tests. The series entailed testing
on three individual samples. Each sample was formed as a slurry and con-
solidated under a different confining pressure (500, 1,000 and 2,000 pounds
per square foot). A summary of the three tests is presented in tabular form
on Plates 4A, 4B and 4C. The results of the tests are presented in graphical
form on Plate 5. As shown, the test results indicate an "effective stress"
and “total stress" angle of internal friction on the order of 36.5° and 22°,

respectively.

CONSOLIDATION TESTS

A consolidation test was performed on reconstituted samples of the gypsum
tailings and the Conda Mud. The tests were performed in general accordance
with the procedures presented on Plate 6. In brief, the purpose of the tests

was to evaluate the rate of consolidation for the two materials. This para-

meter could have a significant impact on the overall strength characteristics

of a material particularly within a progressively expanding tailings impound-
ment. The rate is measured by the coefficient of consolidation, ¢y which is

presented for the two materials in tabular form on the following page.
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feet are projected. In the event that any greater depositional thickness
develops, Dames & Moore should be notified so that appropriate recommendations

can be provided, if necessary.

An additional concern associated with the gradational variation in the
proposed matrials is the effect on the relative permeabilities. The results
of our laboratory evaluation indicate that the permeability values vary by an
excess of two orders of magnitude. This could significantly retard the ver-
tical drainage characteristics of the impoundment and could cause the develop-
ment of '"perched" water levels within the embankment section., These perched
levels could express themselves as seepage areas on the embankment face and

could result in localized areas of instability,

In conclusion, the results of our analysis indicate that with the use of
proper operational procedures the change of materials should not have a signi-
ficant impact on the future operation of the facility. However, it is recom-
mended that consideration be given to minimizing the degree of layering within
the impoundment area. If possible the impact of the calciner clarifier under-
flow and the Conda Mud should be reduced by mixing with the gypsum tailings
prior to deposition in the impoundment. If, in the future, areas of seepage
are noted on the embankment face, Dames & Moore should be notified immediately

so that appropriate remedial measures can be implemented.

SEISMIC STABILITY

It should be noted that the stability considerations discussed herein are .
based only on steady-state loading conditions. To date there has been no
evaluation performed on the seismic stability of the impoundment. Recommenda-
tions for a proposed study were presented as Phase II in our proposal dated

January 2, 1987.

o0o
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GRAIN-SIZE ANALYSIS

Particle-size characteristics were evaluated through the performance of a
hydrometer analysis on a representative sample of the uncalcined gypsum
tailings. Analyses were performed in accordance with the procedures set forth

under ASTM* D-422-83. A summary of these results are presented on Figure 6.

COMPACTION TEST

Due to the limited size of the sample available for testing a Harvard
miniature compaction test was performed using a 40-1b spring and a 1-5/8-inch
diameter compaction mold with materials being compacted in three lifts using

25 blows per layer. The results of this test are also presented on Figure 6.

PERMEABILITY TESTS

Coefficient of vertical hydraulic conductivity, i.e., vertical permeabil-
ity was determined for a laboratory fabricated ;pecimen of gypsum sedimented
from a gypsum slurry. Materials were reslurried to a 40 percent density
(weight basis) and sedimented in a column with bottom drainage. The specimen
prepared for permeability testing had an initial dry unit weight of 52.9
pounds per cubic foot and a moisture content of 91.0 percent. Constant head:
coefficient of vertical hydraulic conductivity (permeability) determined for

this specimen was 3.6 x 1072 cm/sec.

CONSOLIDATION TEST

A consolidation test was performed on a fabricated laboratory sample
sedimented from a 40 percent slurry of uncalcined gypsum tailings, Twenty-
four hour values were selected for development of the strain-load relation-

ship presented on Figure 7.

*American Society for Testing and Materials
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DISCUSSIONS AND CONCLUSIONS

MATERIAL HANDLING CHARACTERISTICS

Laboratory testing was performed to provide a basis to compare material
handling characteristics of the uncalcined gypsum as those of gypsum deposited
during previous facility operations. Laboratory data was extracted from pre-
vious Dames & Moore (references 1, 2 and 3) studies to form a basis for com-
parison. These data are summarized below in conjunction with data developed

for uncalcined gypsum.

Summary of Laboratory Data

Parameter Calcined Gypsum¥* Uncalcined Gypsum
Specific Gravity - gm/cc 2.36 2.38
Atterberg Limits

LL - - -
PI - non-plastic non-plastic

Grain Size

Pogg — % 87 - 100 ' 80

D5y - mm 0.01 - 0.04 0.025
Compaction
Y max - pcf 79 - 88 ** 69 *xk
Lyopt - % 42 - 22 ** 30 dkx
Permeability - cm/sec 4.8 x 1074 - 1.9 x 107> _ 3.6 x 1072
Consolidation : '

Ce - 0.10 - 0.17. ©0.10

* Combined data from 1965 and 1975 Dames & Moore Reports
except as indicated otherwise.

** Based on ASTM D-1557 (AASHTO T-180) procedures.

*** Based on Harvard Miniature Corpaction Test.
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The data presented in the previous table suggest little to no significant
difference in mechanical behavioral properties between calcined and uncalcined
gypsum tailings produced at the Simplot, Pocatello Plant. The compaction}
compressibility and permeability data suggest that material handling charac-
teristics of the proposed uncalcined gypsum tailings should be approximately
the same as thgse of the calcined tailings impounded and used in the construc-

tion of TP-2 as it stands today.

+

STRENGTH CHARACTERISTICS

Strength characteristics of the uncalcined gypsum tailings were defined
by a series of triaxial compression tests performed on laboratory fabricated
test specimens sedimented from a 40 perceht solids (weight basis) slurry.
Results of these tests when viewed in comparison to those of calcined gypsum

indicate strength properties as follows:

Uncalcined Gypsum Calcined Gypsum

Total Friction Angle ' 27 degrees 20 degrees
Total Cohesion 180 psf 0 psf
Effective Friction Angle 4] degrees 36 degrees

Effective Cohesion 0 psf 0 psf

The strength parameters for calcined gypsum tailings were developed in
previous Dames & Moore studies for J. R. Simplot. The values presented repre-
sent a conservative estimate based on a review of both triaxial and direct

shear data developed for both Ponds 1 and 2,

These data, when compared, indicate that the strength properties of the
uncalcined tailings tested exceed those of the calcined tails previously

reported.
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Results of partial grain-size determinations performed on representative
samples of both UG and CG obtained from Test Pit 3 indicate 94.2 and 99.4 per-

cent passing the No. 200 sieve, respectively.

Results of compaction tests performed on both UG and CG are presented

below and graphically on Plate 1.

Maximum Optimum
Dry Density Moisture
Material pcf %
UG 66.4 45.4
CG 69.6 49.5

SUMMARY AND CONCLUSIONS

The moisture content data presented above suggest only minor behavioral
differences between the calcined and uncalcined gypsum. The data exhibit thé
minor degree of variation that would be expécted in a naturally deposited
homogeneous soil. Dry density data show similar variation and suggest only

minor behavioral characteristic differences.

Compaction test results suggest only minor behavioral differences between
the two types of gypsum tested. These data do indicate, however, that the
deeper gypsum strata sampled are presently significantly wet of the optimum

moisture for compaction based on the ASTM D698 Standard.

Based on the results of our field observations and subsequent laboratory
testing conducted as part of this investigation, no data have been developed
to suggest that the material handling properties of the uncalcined gypsum

should be significantly different from those of calcined gypsum.
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ZL.WALKER-TECH SERV
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FOCATELLO, Il 23201

SAMPLE:
STARTING AT 3 F.M.

Alkalinitv,CatldZ ma/1 SM403=
Aluminum as Al me/1 =i 30ZC
Amnciia, NHI-N ina/1 SM417G
Arsenic, As me/1 SMZ04
Earium, Ba ma/1 ZMIOZC
Bervllium as Be ma/1SMI0ZA
Bicarbonate,HZOZ ma/1 SM40OZ
Boron as B ma/1 SM 4044

Cadmium, Cd ma/1 =M304

Calcium, Ca ma/1 SMIOZA

Carbonate as CAZ mma/1 SHM4Q%Z

Chloride, €1 ma/sl 3SH4U7A

Cheamium, Cr mue/1 EFAZIE.1

CHEMICAL AND BACTERIOLOGICAL ANALYSIS

xc: M Setf

CERT'FICATE OF ANALYSIS

‘ K Sclirose

CONDA FIFELINE LIGUOR SAMPLE RECEIVED S-C
UNDOER FOC

REZULTS=

. 00z

215

.‘:)-:’
o

L Q07

101.02

<. 10

24,0

2.010

ODATE: Q&/712/70

PO-00QL37 6

=70 FUR ANALYSIS
#E87200-1040-00,
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’Cotlalt as Co mu/l1 SM ZO03A
Cand. umhos/cnm EFPA 120.1

CopPrFer, Cu me/1 SMZOZA

Fluoride, F ma/1 EFA 240.%

Hvdroxide as OH ma/1 SM 403

® Iion, Fe ma/1 SMI0O3IA

@ Cvanide Cn toet.ma/l EPA 335.2

r'Lea-.l, Fb ma/l

Lithium as L1
f Maganesium, Mo
Manganese, Mn

Molvbidenuin as

Fotassiua, K

SMz04q

ma/ 1

ma/1 =SMZ0=A

ma/1 SM302

Mercurvw, He ma/l SMEZ0A

Mo wa/1 SMZOSC
Nickel, Ni ma/1 SMI0ZA
Nitrate, NOI-N mg/1 SM418C

‘ Fhospharus Tat P mu/1 EPA 365

ma/1 SMIZOZA

1)

RESULTS

.20

=.14

B 0RD ANALYTICAL LABORATORIES CHEMCAL M40 BACTEROWOGICAL NS

CERTIFICATE OF ANALYSIS

FAGE: 2

FO-00&637 &
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FAGE: &

FO-006E7 &
RESULTE

q Residual Sodium Carbonate - 2,574
Selenium, Se wma/l SM3204 . 004
Silica SI02 (DIS) ma/1 SMAZSA 33.28

o
Silvers Az mu/1 SMI04 <.010
Sodium Absceretion Ratia 1.511
Sodium, MNa ma/l1 =SMIOZA &2.13

(g _

T Sulfate, 504 ws/1 EPA 375.2 253
Surfactants ppm SMS1ZR £.10°
Tuet.Dis.Solids ms/]_ EFA 14£0.1 S04

? Vanadium as V mu/1 SM 303C .29

OEI

Zinc, Zoo ma/l SM303ZA -

~l
W
o

eH Units EPAR 150.1

-__.Z_s./;—_{_g.-_ _______

FORD CHEMICAL LABORATORY., INC.
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CERTIFICATE OF ANALYSIS
®
DATE: Q&/12/%90
@
FO-006276-01

FORD CHEMICAL LABORATORIES

|

\d RALANCE ZHEET FUOR SAMFLE: (1) RESULTS
CATIONSGS | | me /1 mea/l
Calcium, Ca m«e/1 SMI0ZA 101.0zZ0 S. 041

® Magnesium, Ms ma/1 SMZIOZA 16032 1.3259

D Sodium, Na ma/1 SMIOZA &Z2.1320 =2.70Z2
Potassium, K ma/1 SHM30ZA : 2.140 . 208
Anmonia, NHZ-N ma/1 SM317G _ 1.8%0 _ 135
ANTITIONS ma/1 mesd/ 1

. - . e ] ’ - =) " = ETRTR

P | Carbonate as COZ ma/1 =M4A03 . Q00 . QOO0
Bicarbonate.HCOZ ma/1 SM4032 213.000 3,926
Sulfate, S04 ma/l EFPA Z75.2 252,000 SL2ET
Chlaride, C1 mu/1 SM407A 24,000 LET77
Nitrate, NOE-N ma/1 SM412C .170 003

: Hvdrexide as OH ma/1 SM 4032 N elels) QG0
BEALANCE I NFORMATI QN
CATIONS: ¥.446
ANICONE: 2,473

: TATAL: 13,919
DIIFFERENCE: 027

«ZIGMA: . 001
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FORD ANALYTICAL LABORATORIES o

CERTVIFICATE OF ANALYSIS

DATE: 01/18/91
®

d
b

J.R. SIMPLOT COMPANY

% NORM SELF
P.0. BOX 912 : : ?1-003656

'. POCATELLG, ID 83204

SAMPLE: DRIER DISCHARGE COMPOSITE SAMPLE FROM SMOKEY CANYON RECEIVED
1-14-91 FOR LEACHABLE METALS USING TCLP PROCEDURE ON RUSH

BASIS UNDER PO #103572-M.

0 - RESULTS
SpRmsSSEoORISROnEn ERESNsSImIEm
- TCLP METALS
$1-Arsenic as As ns/1 EPA 7060 c.050 OK 89
: {—Barium as Ba ms/1 EPA 4010 266 _OK 190. 9
| 1-Cadmium as Cd ma/1 EPA 7130 506 OK /O
’ 1-Chromium as Cr ms/1 EPA7190 <.010 ok 5.2
i-Lead as Pb ms/1 EPA 7420 C.050 JgK 5.~
TR
{-Mercury as Hs ms/1 EPA7470 .00t 0Kk GiZ
‘ 1-Selenium as Se ms/1 EPA7740 <.080 0K [ 2
1-Silver as As ms/1 EPA 7760 €.007 OK 5.9
: o=

$ L Z2Ce
© FORD ANALYTICAL LAPORATORIES

All raports are submitted as the confidential property of clionts. Authorization for publication of our reports, conclusions, or, exirects from ar tegarding them.
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COMPANY HAN::
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COuhTY

RELEASE LOCATION:

RELEASE ALDRESS:

RELEASE DaTe:

MATERIAL RELEAGET:
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